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Letter of Transmittal. 
of 


HON. ALVA ADAMS, 
Governor of Colorado. 

Sir—Agreeably to statutory provision, we herewith 
present the Twentieth Annual Report of The State 
Board of Agriculture under whose direction the various 
forms of educational and experimental work in prog- 
ress at The State Agricultural College are planned and 
conducted. The financial condition of the College, as 
represented by the annuai receipts and expenditures, is 
set forth in the statements contained in the report of 
the Secretary of the Board; some of its educational 
features, including certain principles of administration 
that are held to be fundamental, are clearly presented 
in the comprehensive report of the President of the 
Faculty. The College, in all its departments, is in a 
prosperous condition. Its educational work is made to 
touch closely and practically some of the most important 
of the material interests of the State. That work is, 
also, of high intellectual and moral value, made so by 
the system of instruction and discipline now operative. 


Respectfully submitted, 
A. L. KELLOGG, 
President of The State Board of Agriculture. 


J. E. DuBOIS, 
Secretary of the Board and Faculty. 


ALSTON ELLIS, 
President of the College. 
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Secretary’s 
Statement of Receipts and Expenditures 
Connected with the ‘‘General Fund,’’ for the Fiscal Year Begun 
December 1, 1897, and Closed November 30, 1808. 
“% 
GENERAL FUND. 
Receipts: 


Land Income Fund (Congressional Act of 1862 
for the Endowment of an Agricultural Col- 


LEBES THA COLOPA GO) cone cicloee learnt cecspaainle, ole poe are $ 8,849.83* 
Tax Fund (State one-fifth mill levy)............... 40,907.63 
ANnmie: Benes LAPPAPYT BUNS occ. oe wet tecseAa caaezue 31.00 
Special? Ba oe ee cratoaptrelomi ote wreialenaieais: te devotee nce orarauahoreree 146.09 
ENGUALCLTROCOLDES eetie moe ees ute fe rninntamicame eters $49,934.55 


Disbursements: 


Salartesing s cteres aoe ue Ore nlethe ands Oe anwvaiveute Waser $10,824.72 
Secretary, se Omleewnrateces oa an culeanen vane Lyne ercaotas 98.33 
EDT es nce elt Mam era ee eS 325.15 
WUE Wise t etag Od BASS ore Big 2800255] 2 pee Ce a ee Pe eR 60.30 
FROG CULLORAy WD ED aTEM ENE stetecre «<< are0. cranes aicvaie, slosvieloior 1,653.04 
Aarime DSPartrneNnic access cane cmos anya rere ise masisnan ees 3,708.47 
@hemicalesD epartnvent. neve es saclaher pesrasie verte daa 263.48 
Mechanical Engineering Department............... 2,088.97 
Department of Zodlogy and Entomology........... 152.40 
Department, of Domestic Sciences a... .-.2. cae 84.78 
Commercially PW epa rime terre. le Nel acpieneyareeetiiers 967.98 


*The amount of this fund varies from year to year. The 
average yearly income from this source, based upon the receipts for 


five years is $5,526.66. 
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Department of English and Philosophy. vas eri 16.70 
Department of Irrigation Eyngineering.........2.... 222.74 
Presid Grits) Cree aia ee creates eka leletateratee re elerenene = tokerodeltanet tat 267.46 
ING Kiqssa alsiheleae yay oemanec. dor Onoone Naosccccemodsnuodavoacat 774.55 
Printings Catal ewes ..oitoje sdf ce etree peter oiscerr carer 325.00 
Barmers’ Institwtesi so. c: ecccis ap see leo cee ieioae 104.35 
TSxt-book” ACCOMMtt. . Gide ree tee cee nee toe crete 2,255.59 
Students Liab ore cptecaay sos cere noes earieaitate seers 1,029.41 
dia abknbboes ag naumane.c cbse aga smacne Tanabe edL Posse SSO 318.72 
Surrent FU PensSess saeee nce lem waryetel eiste tatters ariten rete 1,718.81 
General ARepairsies wncemececcl rnc: Meee ition ler tiers 671.44 
Mreight: (coal) and) Dx presstacc acest eens 1,964.93 
Buel’ and “Toighiticcty cays os cincle'de ve mad seh oe ee 1,641.87 
State Board of Agriculture.. 2... ..-+«-scceeeeomemmnace 1,155.90 
TMSUPAOMNCE 6 ccgs areik stely Miterath acd wre alascke Wore s'e «1 Ueaoa chee a anne 1,259.50 
Chemical Laboratory ...o.stascncs ices eee ee 15,979.96 
Total. Disbursements: .0- <5: euseeeeeaeer 


UNITED STATES OR “MORRILL FUND OF 1890.” 


$49,934.55 


For the Government Fiscal Year begun July 1, 1897 and ended June 


30, 1898. 
Receipts: 
Balances dubys ty W800) cede sade ee $ 83.29 
IWnited/ GS tatesn Dart ss. ee eee ae 28,000.00 
Total) Meccipts vine. eee eee 
Disbursements : 
Salarios” cs ccedeatecw erates caker sere ae te ee $18,740.32 
Department of Mechanical Engineering............ 1,483.31 
Chemical #Departmentsee ate setae eee eee 2,191.74 
Department of Irrigation Hngineeriviey... sos ee 707.92 
Balance; July se 1898 te aes e eee eee er ene ee 10.00 


$23,083.29 


$23,083.29 


President’s Report. 
fo 
June 1, 1898. 
ob 
TO THE STATE BOARD OF AGRICULTURE: 


Gentlemen—The coliege-year, one term of which had 
passed prior to the annual meeting of the Board in De- 
cember last, will close with the exercises of Commence- 
ment Day, Thursday, June 2d. The scholastic year 
includes thirty-nine weeks divided into three terms of 
equal length. Under our scheme of instruction, the di- 
vision of the college-year proves very satisfactory. It 
enables the Faculty committee on student classification 
to perform its work more thoroughly, thereby increas- 
ing the opportunities for effective class-room and lab- 
oratory work. 

The annual catalogue of the College was received 
from the printers before the first of May. Since that 
date about two thousand copies—one-half of the total 
number printed—have been judiciously distributed. 
This publication is of creditable appearance and con- 
tains information upon all phases of educational work 
for which the College makes provision. 

The number of students reported at the close of the 
Fall term has been increased by twenty-eight. 

In this connection is presented the summaries of 
student enrollment and classification for the two years 


just closed. 
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SUMMARY FOR 1896-’7. 


Male. Female. Total. 

(Post-Graduates arcsec cosa le tamtr ote rete 6 1 7 
SSTTUON Se coi eie cia tates cle waste love se wietes eis vepale faleioys(araente teieretaeyaace 7 5 12 
AKUINCa) Sap pHosnOHobas ToOOOICO oa OT Otnicns Aco AT 21 6 27 
Sfeyolevat eae) ¢etsen Quand neneesnoo condaadannocnoacoss 34 10 44 
MOM OST IMNSIN eevee sveress no clove oles eve te sole citer afoteistotara scenarerot 3 33 66 
Sfilosl iaecienesVeial Gopouanocsenansocdbscncors0acoogaE 41 22 63 
Preparatory ClISSjcseenite cle see eee ele eih stetelart= 17 6 23 
Commercial = COULS Cs creates siete iste ae eee 61 20 81 
MgxSAIERS magagnonAbonapreeMaauTod 405m Maoe Oooo OKC 3 9 12 

MMO tal osas samen trrcernien ore wee cee antes eerste 223 112 335 


The students represented fourteen states and one 
territory, as follows: California, 4; Colorado, 307; Il- 
linois, 2; Indiana, 1; Iowa, 1; Kansas, 2; Missouri, 3; 
New Mexico, 2; New York, 2; North Cafolina, 1; Ohio, 
1; South Dakota, 1; Washington, 1; Wisconsin, 2; and 
Wyoming, 5. Total, 335. 

The Colorado students represented twenty-seven 
counties, as follows: Arapahoe, 14; Boulder, 13; Clear 
Creek, 3; Chaffee, 11; Conejos, 3; Delta, 8; Dolores, 1; 
Douglas, 1; Eagle, 6; Elbert, 2; El Paso, 2; Fremont, 10; 
Garfield, 2; Grand, 3; Gunnison, 3; Huerfano, 3; Lari- 
mer, 188; Las Animas, 3; Logan, 1; Mesa, 1; Montrose, 
1; Otero, 4; Ouray, 1; Park, 2; Routt, 2; Saguache, 1; 
and Weld, 18. Total, 307. 


SUMMARY FOR 1897-’8. 


Male. Female. Total. 

FOSteGraduates O70 Fee Rtas ree eae eee 6 1 7 
Senvors tay. c.. teers Peed aan One tie eae 12 at 13 
JUNIORS 5. Pert eyeanaciask: hepato ee aie 24 1 25 
SODNOMIOTES YT Teairsas de cui hac: ae ER eee 33 15 48 
MPESHIMEN: nee rte es sloe ee 0? inc 45 16 61 
DUDE res INST cone wea hie ae eee ee 38 19 57 
Preparatory s Class wreck cen ee 28 i le 45 
Commercial Course—Seniors.................. 6 3 9 
Commercial Course—Juniors.................. Sl 19 70 
Specials Clacs Studentsass.mne ates 2 7 9 

MOTELS crac «aah eiasatey NON ae Rete 245 99 344 


AGRICULTURAL 


BUILDING. 


ne 
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The students represented twelve states and two ter- 
ritories, as follows: Colorado, 314; Illinois, 1; Iowa, 2; 
Kansas, 3; Kentucky, 1; Michigan, 1; Missouri, 3; Ne- 
braska, 1; Ohio, 2; South Dakota, 1; Tennessee, 1; Wyo- 
ming, 8; Arizona, 1; and New Mexico, 5. Total, 344. 

The Colorado students represented thirty-three 
counties, as follows: Arapahoe, 12; Boulder, 17; Clear 
Creek, 6; Chaffee, 5; Conejos, 2; Delta, 9; Dolores, 1; 
Douglas, 1; Eagle, 7; El Paso, 8; Fremont, 3; Garfield, 
1: Gilpin, 1; Grand, 4; Gunnison, 3; Huerfano, 3; Jef- 
ferson, 1; La Plata, 1; Larimer, 190; Las Animas, 1; 
Mesa, 2; Morgan, 1; Otero, 1; Park, 1; Phillips, 3; Pit: 
kin, 2; Pueblo, 1; Rio Blanco, 2; Rio Grande, 3; Routt, 
2; Summit, 1; Weld, 18; and Yuma, 1. Total, 314. Since 
the publication of the last catalogue, three students, two 
males and one female, have been registered. 

The fact that so large a number of our students 
come from Larimer, Weld, and Boulder counties has 
evoked some unfavorable comment in certain quarters. 
If this is a matter for criticism, there is not an educa- 
tional institution in Colorado—state or church—that 
can claim exemption from censure. All educational in- 
stitutions, and particularly those in a sparsely-settled 
country, draw largely upon the population in their im- 
mediately vicinity for patronage. That condition of 
affairs existed at the university from which I graduated 
thirty-one years ago; and it exists in as marked degree 
to-day. It does not seem just that the College should 
bear wholly the brunt of a criticism which, if at all de- 
served, is forceful against every educational institution 
in the State. The truth is, the criticism is not just 
whether it be applied to the College or any other. insti- 
tution of learning. It is but natural for sensible people 
to avail themselves of the superior educational advan- 
tages found at their doors. It would evidence disloy- 
alty to home enterprise and a lack of business sense for 
them to do otherwise. People are beginning to seek 
homes in Fort Collins and vicinity, to the end that the 
superior educational advantages offered by the College 
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in its five distinct courses of study may be enjoyed by 
their children. Again, the College is located in one of 
the most prosperous agricultural sections vf Colorado, 
and the well-to-do farmers who have homes therein have 
the means to give their children higher educational ad. 
vantages than their district schools afford and have 
enough intelligence and foresight to avail themselves of 
educational facilities both wide-reaching and inexpen- 
sive. It ought not to be forgotten that the College now 
enrolls more students from counties of the State out- 
side of Larimer than the total number of students regis- 
tered a few years ago; also, that our present enrollment 
of students from other states is more than forty per 
cent. of the whole number of students registered in 1890. 
Our students now represent three-fifths of all the coun- 
ties in the State. Every year brings the College to the 
favorable attention of a larger number of people inter- 
ested in the kind of work for which it provides. That 
the College is liberally supported by people living in its 
vicinity, is strong evidence that it is worthy of the rap- 
idly increasing patronage from abroad that it is now re- 
ceiving. 

In the catalogue for the present college-year ap- 
pear the revised courses of study approved by the Board 
at the last annual meeting. A comparison of present 
requirements for graduation with those of the past will 
show a substantial uplift in the standard of scholarship. 
The new scheme of instruction recognizes the necessity 
for preparatory work and makes adequate provision for 
it. Entrance to the lowest class, in either of the reg- 
ular courses of study, requires a higher degree of scho- 
lastic. preparation than formerly. The State law, gov- 


erning the admission of students to the College, reads 
as: follows :— 


“No student shall be admitted to the institution 
who is not fifteen years of age and who does not pass a 
satisfactory examination in arithmetic, geography, gram- 
mar, reading, spelling, and penmanship.” Bie 
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The statute states the minimum age and fixes an 
indefinite standard of scholarship in certain studies 
clearly recognized as rudimentary and forming a part 
of the course of study pursued in every common school 
in the land. Another section of the law refers to the 
College as “a high seminary of learning” to which the 
graduates of the common schools, of both sexes, shall 
be admitted. It would be possible for our Faculty com- 
mittee to make the entrance examination in the com- 
mon-school branches, named in the law, so severe that 
few could successfully undergo the ordeal. Thus the 
standard of scholarship on the part of admitted students 
could be raised. Possibly, the law having with some de- 
gree of definiteness fixed a minimum of attainment to 
be possessed by the applicant for admission to the Col- 
lege, it is left to Faculty discretion to establish any 
standard of a higher character. If this interpretation 
of the law will hold, it is clearly desirable to cut off at 
the lower end of the course and to make additions to 
the upper. in the not distant future, I hope to see a reg- 
ular course in the College represent an amount of work 
and training fully equal to the best that lies between 
the completed course of a good high-school and that of 
one of our best universities—it being understood that 
the work of the College is always to be a clear-cut dif- 
ferentiation from that of either of the educational agen- 
cies named. 

So long as the high-school courses are made to pre- 
pare those who pass through them for admission to the 
classical college and the university, there can not be a 
very close articulation of their work with that of insti- 
tutions whose prominent features are of scientific and 
technical trend. 

The public-school pupil who comes to the College 
with the preparation acquired by the proper completion 
of the work of the eighth-year grade can reasonably ex- 
pect, by faithful effort, to complete any one of the four 
regular courses in five years or the commercial course in 
three. I favor the gradual elevation of the present 
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standard until a diploma will represent still another 
year’s training. 

The College is preéminently a scientific and tech- 
nical institution and there is no thought, in any quarter, 
of making it anything else. It has ever been my strong 
desire to see our scientific and technical work made just 
as thorough, practical, and far-reaching as possible. Fa- 
cilities for the more successful prosecution of this work 
have been greatly increased within the last few years. 
The appropriations for the equipment of the scientific 
and technical departments of the College have been gen- 
erous. In fact, they have practically taken all the money 
available for adding to departmental equipments. The 
best and most expensive buildings on the college grounds 
are those in which class-room and laboratory work in 
irrigation, agriculture, horticulture, chemistry, and me- 
chanics is carried on. Within the last six years, a sum 
not much below $70,000 has been expended in buildings 
for these departments of college work. Four rooms of 
the Main College Building are given up for instruction 
and work in zodlogy and entomology. The work in do- 
mestic science is carried on in a building which, while 
not of great cost, is well-planned and serviceable in all 
its parts. The equipment of this building represents an 
expenditure of nearly $1,000. 

“To promote the liberal and practical education of 
the industrial classes in the several pursuits and profes- 
sions of life,” it was thought advisable, two years ago, 
to make more adequate provision for instruction in those 
branches that prepare for a “business life,’—commer- 
cial arithmetic, penmanship, bookkeeping, business cor- 
respondence, commercial law, stenography, typewrit- 
ing, etc..—and since that time more than $1,500 has been 
spent in securing the necessary equipment for prosecut- 
ing the work. 

A largely increased attendance of students has made 
necessary the employment of additional instructors, by 
ee Pages of whom are now connected with 

SC - and technical departments of the College. 
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In the face of facts like these it would be amusing, 
were it not so annoying, to hear fears expressed that the 
College, in its instruction and work, is being rapidly 
pushed away from its only safe anchorage and forced 
into active and unprofitable competition with the liter- 
ary and classical institutions of which, it is thought, 
there is already an overplus. If there is any failure in 
our scientific and technical work I, both as President of 
the College and member of the Board, do not hold my- 
self in any wise responsible therefor; for at all times 
[ have been a consistent and persistent advocate of every 
plan and expenditure that gave any promise of making 
our scientific and technical work more efficient and far- 
reaching. As Chairman of the Purchasing Committee, 
I have gone to the limit of the college revenue in au- 
thorizing the purchase of equipments and supplies for 
the scientific departments of the College; and, to-day, 
as a result of a liberal policy towards them, they are 
well furnished for the special work for the promotion of 
which they were established. 

In my last report, as Director of the Experiment 
Station, I showed clearly that our scientific workers 
were giving a constantly increasing portion of their time 
to special investigations connected with scheduled sta- 
tion:work. This brings a necessity for putting more and 
more of class instruction under direction of assistants, 
whose number has been much increased of late years. 

Increase the number of students and classes must 
be increased in proportion; then, necessarily, comes the 
need for an increase in the teaching force. The unmis- 
takable tendency is for the head of a scientific depart- 
ment to devote himself more and more to special scien- 
tific research and more and more to place the work of 
class instruction and the student laboratory practice 
under the control of his assistants. From different parts 
of the State come demands upon the time and knowledge 
of the scientific expert. These, if met, force a certain 
neglect even of the supervision of the work of instruc- 
tion going on in the classes of the department. The stu- 
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dents suffer loss in knowledge and training, that some 
scientific work of questionable utility may be prosecuted 
by the professor under whom they are placed for in- 
struction. It is not a wise thought, or one in accord 
with the plain, unmistakable intent of the various acts 
—Congressional and Legislative—under which the Col- 
lege is operated, that our scientific workers should be 
relieved from teaching work and be permitted to give 
their whole time to such scientific investigations as 
would show desirable results in the better and swifter 
advancement of the agricultural interests of certain lo- 
calities within the State. The ultimate interests of the 
State, even along lines regarded as intensely practical 
and beneficial in advancing our material prosperity, will 
be best promoted by our scientific specialists if their 
class-room and laboratory instruction is fruitful in send- 
ing forth from college halls an earnest body of intelli- 
gent workers well-equipped, by reason of their special 
scientific training, for the successful prosecution of just 
that practical work which, it is now thought, none but 
the college specialist in science can profitably undertake. 

I look with disfavor and misgiving upon the pro- 
nounced tendency to relegate college instruction to in- 
experienced assistants, even though they be scholarly 
and ambitious. The student who is induced to go to 
college by catalogue statements of wisely-planned 
courses of study, great facilities for ‘scientific work in 
the way of laboratory equipment, and the naming of dis- 
tinguished specialists that form the teaching body, have 
some right to expect, when they enter upon their col- 
legiate work, the best service the college, through its 
teaching agencies, can furnish. To place them in charge 
of timidity and inexperience is to do them a grievous 
wrong and to deprive them of just that experienced and 
scholarly oversight in class-room and laboratory the ex- 
pectation of which was their chief inducement to enter 
upon a course in college. Edward Everett Hale, whose 
language I quote from “School Economy,” voices my 
sentiments upon the question now under treatment. He 
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Says: “It is an open secret, perhaps, among the presi- 
dents and trustees of colleges that it is very hard to 
make the best teachers take up ‘freshman work.’ Yet 
freshman work is the most difficult and the most im- 
portant. What follows is that the freshman, perhaps 
eager to take up the full advantage of college life, passes 
from the high-school or the academy to his first recita- 
tion or lecture, to find himself given over to the over- 
sight of some young fellow only four or five years older 
than himself, who has recently been named as tutor or 
instructor. The pupil has perhaps just left the personal 
class of a first-rate educator,—a man of experience, en- 
thusiasm, and genius,—and he finds himself under the 
tuition of a frightened young graduate, afraid of his 
class, new to the subject, who is trying his experiments 
in education.” 

The matter of discipline, not wholly in the mental 
field but in the just understanding and observance of 
wholesome college regulations, is of prime importance as 
a part of the legitimate end of college training. The 
mind untaught to look on the right side of things, the 
will under no judicious control but left to the sway of 
passion and unworthy impulses, give indications of noth- 
ing worthy in life. Our students are, many of them, 
young and stand much in need of wise instruction by 
experienced teachers, upon many subjects which no course 
of study can definitely outline. Wholesome college disci- 
pline is assured only when there is a proper esprit de corps 
animating the larger part of the student body. Here is 
where the real professional power of every head of a 
college department, as a teacher, can make itself dis- 
creetly felt. A weakling in charge of a class can do much 
to demoralize its membership. This is but an instance 
where prevention of disease is better than the applica- 
tion of many remedial agents after it has become deep- 
seated and, perhaps, chronic. Heretofore, I have had oc- 
casion to commend in strong terms the general orderly 
conduct of our students. Efforts at securing right con- 
duct on their part were not strained nor was there oc- 
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casion for the display of much governing power to se- 
cure their uninterrupted attention to their work. This 
general good order was in marked contrast with the 
senseless, disorderly, lawless conduct which marred the 
college life of some students in other institutions. Our 
students have access to the publications of sister insti- 
tutions in which are often chronicled in glowing, enthu- 
siastic terms the foolish pranks of students. Some news- 
papers give special prominence, in their columns, to 
glowing descriptions of every student escapade that 
smacks of idiocy, insubordination, and rebellion. The 
surest way of patting insubordination on the back and 
giving a semblance of heroism to its promoters, is to 
print a picture of the ringleader of rebellion and publish 
in connection therewith a glowing tribute to the manly, 
independent qualities that brought him into “irrepres- 
sible conflict” with the college authorities. 

It is a marked characteristic of our people that they 
are restless under any restraint however judicious and 
wholesome. They are so tenacious of what they conceive 
to be their own rights and privileges that they sometimes 
become blind to what is due from them to other people. 

t is imperative that college authorities give the matter 
of college discipline well-considered attention. Ignor- 
ance and vice have already strongly recruited the ranks 
of the idlers and law-breakers. The feeling has been that 
the education of our youth in school and college was a 
sure means of weakening the ranks of those disorgan- 
ized forces that threaten the well-being of society and 
the perpetuity of good government. Recent multiplying 
manifestations of what is inaptly called “college spirit” 
and “class spirit,” in some of the leading educational in- 
stitutions of the country, suggest the speedy and judi- 
clous exertion of faculty energy in the way of compress- 
ing student activities within the limits of order, decency, 
and law. “Without above himself he can erect himself, 
how poor a thing is man,” is the thought of an ancient 
writer. To distinguish between freedom and license, to 
claim for ourselves only that which we are willing to 
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grant to others, and to place the general good above the 
realization of merely selfish ends mark the just man and 
the good citizen. A mind whetted to keenness by a col- 
lege training can make a perverted conscience a deadly 
weapon with which deeply to wound society and the 
State. Respect for law and obedience to its commands 
are not so common as they should be. One generally 
lays claim to great forbearance if he yields even tardy 
obedience to a law which operates, if enforced, to inter- 
fere with the accomplishment of some of his selfish aims. 

The discipline of the college should not be need- 
lessly strict nor enforced with undue severity. A col- 
lege regulation that does not look to the promotion of 
the general good through the individual welfare of the 
students is unworthy of a place on the faculty record. 
Rules few in number, wisely ordered in view of exigen- 
cies arising in college life, and, while impartial in their 
general application, enforced with a discrimination neces- 
sary for special cases, suggest a use of college authority 
efficient, promotive of right relations between faculty and 
students, and rightly educating in its operation. 

The systein of text-book supply is proving satisfac- 
tory. The general plan is to secure the necessary text- 
books for students at wholesale rates. There is no loss 
to the college treasury by reason of these book purchases. 
When purchases and sales are compared, at the close of 
any given year, it will be found that the college treasury 
is the gainer by a smali amount. Since the last report, 
books and supplies representing $935.32 have been sold. 
The books and supplies on hand are inventoried at $1,- 
846.33. 

In view of the appropriations required for the com- 

-pletion of the Chemical Laboratory, there has not been 
the usual sum expended in the purchase of equipments 
and supplies for the various departments. The Purchas- . 
ing Committee has used its best judgment in curtailing 
expenses. It is believed that no department of college 
work has been seriously hampered by this enforced econ- 
omy. The value of additional equipment is recognized 
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but it is not possible to secure it at this time with the 
means at our disposal. The new building is completed 
and some of its necessary equipment is provided for. 
There are expenses ahead that can not be avoided. They 
can be met only by the most rigid economy in the use of 
the college revenue. It is well-nigh impossible to im- 
press this fact upon the minds of some having to do with 
college expenditures. Thus the duty of the Purchasing 
Committee is made unnecessarily irksome. A responsi- 
bility rests upon the members of that committee that 
will be met with as little friction as possible. 

A new boiler in the Mechanical Engineering building 
is a necessity. The greatest care has been necessary to 
make the old boiler serve the required purpose to the 
close of the present year. Its longer use is out of the: 
question. It stands condemned by the State Boiler In- 
spector and must go. A new boiler, with proper hous- 
ing, will not cost less than $2,500. It is possible by giv- 
ing the boiler a temporary setting to lessen the cost 
nealy a half, but that course will prove expensive in the 
end. 

The removal of the Department of Chemistry to the | 
new building leaves the one formerly used by it vacant. 
Under better financial conditions, it would be good pol- 
icy to tear down the old building and thus remove from 
the college campus what all regard as something of an 
eye-sore; but the need of room is so pressing and the 
means of furnishing it so meager, that the destruction of 
the old building can not be recommended at this time. 
There is service in that old, time-worn structure yet, and 
necessity forces us to secure it. Careful computation of 
cost has not been made, but it is believed that the proper 
expenditure of $500 will put the building in condition: 
for accommodating the varied work now in progress in 
the Commercial Department. 

Few additions have been made to the College Li- 
brary within the year. The money for the purchase of 
new books was not available. The list of periodicals was 
revised and reduced, a measure forced by lack of funds. 
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One piece of property belonging to the “Annie Jones Li- 
brary Bequest” remains to be sold. The proceeds of such 
sale, when made, will become immediately available for 
the purchase of new books. The sale of the property is 
not forced because there is no demand for it at present 
and because there is no room for the proper care of the 
books which the money realized from such sale would 
secure. The need of more enlarged quarters for the Li- 
brary is apparent to every one who visits the rooms 
where the books are now shelved. 

Another need which, though pressing, can not be 
supplied, and for that reason is merely mentioned, is a 
building that will furnish at least four additional class- 
rooms. Present conditions bring a time-wasting change 
of instructors from building to building at each signal 
that marks the close of a recitation period. 

In connection with this report, is presented the usual 
statements of the heads of departments; also a petition 
from certain Faculty members praying for an increase in 
their salaries—all of which is presented without recom- 
mendation as each will, no doubt, have its reference to 
the proper Board committee fer report. 

In conclusion, it is a pleasure to report my convic- 
tion that the College is becoming more widely and more 
favorably known each year. The people of our State are 
having a juster conception of the work which it is the 
special province of the land-grant college to promote and, 
as a consequence of this more enlightened and rational 
view, criticism when offered is more just and complaint 
when heard less bitter. With few and unimportant ex- 
ceptions, the papers of the State have for the College and 
its work nothing but words of encouragement and com- 
mendation. Public sentiment at the open doors of the 
College is strongly concurrent in its favor. The College 
merits and is receiving the warmest support of the out- 
side world most nearly in touch with it and most con- 
yersant with what is in progress within its walls. This 
loyal support from those near by is very gratifying to all 
engaged in college work. I need not refer to the pleas- 
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ant relations that exist between the members of the 
Board before which this report is read. At no time since 
my connection with the College, have those relations been 
so considerate, so unselfish, and so courteous as now. 
To say that to work under such direction is to render 
service under pleasant, helpful, and encouraging condi- 
tions is but to repeat what I have had occasion many 
times to say to others within the last year. 


Respectfully submitted, 


President. 


President’s Report. 
ob 


December 14, 1808. 
ne) 


TO THE STATE BOARD OF AGRICULTURE: 


Gentlemen—Six months ago, at the semi-annual 
meeting of your Honorable Body, I presented a_ brief 
report making some statements and setting forth some 
facts relating to the work of the college-year then clos- 
ing. Should the publication of a report embodying finan- 
cial statements, enrollment statistics, and the like be 
authorized at this time, I would suggest that the writ- 
ten report presented by me for your consideration last 
June form a part thereof. 

The twe years that have passed since the last pub- 
lication of a report have brought continued prosperity 
to the Institution. At no time in its history has it been 
so well-equipped for the prosecution of its various forms 
of educational work as it is now. It is not too much to 
say that, in the educational] field, it is doing a work of 
the highest importance to the State—a work which no 
other institution of learning, within our borders, can do 
or ought to do. It is the definite aim of the authorities 
of the College—an aim never lost to view—to differen- 
tiate its work from that of every other educational in- 
stitution in the clearest manner possible. There is a 
general area of educational work that all institutions of 
learning. may properly cultivate. All the courses of 
study, now in successful operation in the College, make 
pretty full provision for the general education of the stu- 
dents who enter upon them. After a desirable general 
culture is acquired by the student, the next aim is to 
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bring him in theoretical and practical contact with 
“such branches of learning as are related to agriculture 
and the mechanic arts.” In the latter work, the scien- 
tific and technical departments of the College, well- 
manned and well-equipped as they are, show their wide- 
reaching influence. It is the pride of those connected 
with the College that all its scientific and technical work 
is so well ordered and successfully prosecuted. The 
College, by reason of its persistent efforts to strengthen 
its work along practical lines, is becoming one of the 
best scientific and technical schools in the country. Its 
work in most departments of science, in civil, irrigation, 
and mechanical engineering, in domestic economy—all 
that vitally touches the home life of the people—and in 
all the subjects taught in the comprehensive course of 
the business college, is of high grade and of that char- 
acter best to fit students for a life of practical, remunera- 
tive service after their college days have closed. No at- 
tempt is made to force those who leave the College, 
either before or after graduation, to become farmers; but 
the opportunities for such instruction as will the better 
fit students for intelligent and profitable work on a 
farm are never lacking. If a student who elects to fol- 
low any of the prescribed courses, mapped out by col- 
lege authority, passes over it without gaining inclina- 
tion and power to do something useful and of a living- 


making nature, he is the exception to the well-nigh uni- 
versal rule, 


ENROLLMENT STATISTICS. 


But little is to be reported under this caption. Only 
one term—thirteen weeks—of active college work has 
passed since the presentation of the last report. There 
iS an increase in student enrollment, though not a 
marked one. The close of the Fall term, December 2, 
1898, found the names of 324 students registered. 

These students represent two foreign countries 
thirteen states, and one territory, as follows: Menem 
1; Turkey, 1; Arkansas, 1; Colorado, 283; Illinois, 2; 
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lowa, 2; Kansas, 2; Massachusetts, 2; Minnesota, 1; 
Missouri, 1; Nebraska, 5; New York, 1; New Mexico, 
7; Ohio, 1; South Dakota, 1; and Wyoming, 13. Total, 
324. 

The students from Colorado represent thirty-eight 
counties, as herewith shown: Arapahoe, 14; Boulder, 
13; Chaffee, 3; Clear Creek, 3; Conejos, 1; Costilla, 4; 
Delta, 5: Dolores, 2; Douglas, 1; Eagle, 4; El Paso, 6; 
Elbert, 1; Fremont, 8; Garfield, 1; Gilpin, 1; Grand, 
2; Gunnison, 7; Huerfano, 4; Lake, 5; La Plata, 4; 
Larimer, 152; Las Animas, 1; Logan, 2; Mesa, 1; Min- 
eral, 1; Montrose, 2; Morgan, 2; Otero, 1; Ouray, 3; 
Phillips, 1; Pueblo, 3; Park, 1; Rio Grande, 2; Routt, 
1; Saguache, 1; Summit, 2; Weld, 16; and Yuma, 2, 
Total, 283. 

The enrollment for the Fall term of the college- 
year, 1898-1899, as before shown, is classified as fol- 
lows: 


PPC ALA TOE Vy Sy eric ceaistersia nts stacece hh clerptcruss niece, osasteyaiorsia ota, oi etahy 29 
SUIIRRSSIMNaeNE, (CHAS IRa imc dancie ao RHpOsn po aiecCUG SAEs oa aG 65 
Students clacsined as Trregwlars: i e2cevee ca ces csekanae 30 
Students ins Commercial \oller Ons cess vice nieces camer 61 
APES Sta ene ae CHIBI Sab Meira go O6ee3 DODO RNOOHAS oD San COO aa COGN 50 
SODMOMOEE BOA Sarre retort teccrscariyctastsiacchy, sve/aviotalsts\sletayesc air torevaralovele 36 
dfikhasvoue AGIRICS) eho. ood. cocoon anaes NORD SCHOO OR DOC ED STCD eae aone 30 
Senko ws Cla sorermaneay sasceie ce ete caty tei ecrar slee alse ese ese tna: 19 
TEX CHGNU CICS “hoo son nnn aoncoe dot oponbTt bop SouneteD ieee ongcn 4 
ar ee ee Coo GPO ie a Ted TELE IC OPUS LN ot PTOI See 324 


Herewith are given the figures that represent the 
student registration of the first term of the college-year 
for a number of years :— 
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Year. Males Females. Total. 
1892 127 36 163 
1893 93 37 130 
1894 148 57 205 
1895 144 62 206 
1896 202 88 290 
1897 225 91 316 
1898 239 85 | 324 


The enrollment statistics of late years show that 
the College is drawing patronage from an area that is 
constantly widening. The Institution has always drawn 
largely upon Fort Collins and vicinity for students for 
reasons that are obvious upon second, if not upon first 
thought. The College has not existed a score of years. 
Its location, while highly desirable in many important 
respects, places it beyond easy and inexpensive reach of 
many portions of the State. Its name, too, has given 
many of our own people a wrong understanding of the 
extent and nature of the educational field in which its 
scholastic effort is put forth. Al institutions of a like 
character, in new states especially, show a local patron- 
age widely out of proportion to that contributed by the 
state at large. It is a most encouraging fact that the 
College is making larger and larger drafts upon all sec- 
tions of Colorado for students. It is not chance that 
brings us students from Nebraska, Wyoming, and New 
Mexico. Students from abroad come to us because we 
offer them educational advantages, in the fields of intel- 
lectual and industrial activity, which they can not bet- 
ter, or so well, secure elsewhere. As the work of the 
College, in all its many phases, becomes better known 
its popularity will correspondingly increase and its at- 
tendance of students will be more representative of the 
people of the State. Each college-year closes with the 
exercises of “Commencement Day” in June. The enroll- 
ment of students and the number of graduates for each 


year since the opening of the College is shown in the fol- 
lowing table :— 


AV ALR TORO Ft 
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Year. Males. Females. Total. Graduates. 
1880 14 ca 25 0 
1881 35 22 57 0 
1882 49 32 81 0 
1883 50 31 81 0 
1884 40 37 17 3 
1885 50 46 96 6 
1886 45 42 87 1 
1887 63 42 105 4 
1888 71 38 109 4 
1889 73 34 107 2 
1890 56 18 74 9 
1891 77 29 106 3 
1892 101 45 146 ) 
1893 135 44 179 a 
1894 142 56 198 tl 
1895 164 66 230 13 
1896 161 71 232 12 
1897 223 , 112 335 11 
1898 245 99 344 22** 
1898* 239 85 324 


The graduates from the College who completed one 
of its regular courses now number one hundred and thir- 
teen. The first class to graduate from the Commercial 
Department was that of 1898. The positions in the work- 
ing world held by these representatives of the College 
testify to what it is doing in giving the industrial classes 
that liberal and practical education that will best fit 
them for the several pursuits and professions of life. 


COURSES OF STUDY. 


The courses of study are four, each requiring four 
years in addition to two years of preparatory work, and 
each leading to the degree of B. S.: The agricultural 


*Fall term ending December 2, 1898. 
**Including nine graduates from the Commercial Department. 


34 TWENTIETH ANNUAL REPORT 


course, the mechanical engineering course, the civil and 
irrigation engineering course, and the ladies’ course. 
Provision is made for post-graduate work. The degrees 
of C. E. and M. E. are conferred on those worthy of hold- 
ing them, by faculty action approved by the governing 
board. A commercial course, covering a period of two 
years, is established, entrance to which, requires the 
same qualifications as for admission to the Freshman 
class; no degree is given. 


NAMES OF INSTRUCTORS AND REGULAR EMPLOYES WITH 
THEIR ANNUAL SALARIES; ALSO A STATEMENT OF THE 
FUND OR FUNDS WHENCE SUCH SALARIES ARE DRAWN. 


College Station 
Faculty— Fund. Fund. 


ALSTON ELLIS, A. M., Ph. D., LL. D., 


President, and Frofessor of Logic and Po- 
litleal. Economy Wn,).c.caedsne eee een eae $ 4,500.00 $ 900.00 


JAMES W. LAWRENCE, B. S., 


Professor of Mechanical Engineering and 
Drawins. ta. baces custoaraptesnisate eee eee eee 1,800.00 


LOUIS G. CARPENTER, M. §S., 

Professor of Civil and Irrigation Engineering.. 1,300.00 500.00 
CHARLES S. CRANDALL, M. S., 

Professor of Botany and Horticulture.......... 1,300.00 500.00 
CLARENCE P. GILLETTE, M. §., 

Professor Zodlogy and Entomology.............. 1,300.00 500.00 
WELLS W. COOKE, B. §S., A. M., 

Professor of Agriculture...... es ec tants ea Eee 1,300.00 500.00 
WILLIAM P. HEADDEN, A. M., Ph. D., 

Professor of Chemistry and Geology............. 1,300.00 500.00 
THEODOSIA G. AMMONS, 


Professor of Domestic Science 


JACOB A. CHRISTMAN, 


Principal Commercial Department 
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College Station 


Faculty— Fund. Fund. 
EDWARD B. HOUSE, B. S., EB. E., 
Prolessor sor pM atiaenravthGs: mcanicic. caanee thse eae 20000 Reece cas 


JAMES E. DuBOIs, 
Beeretary, Of ‘the Macultyewc cotter ne 1,000.00 500.00 


EDWARD M. TRABER, A. B., 
Professor of English and Philosophy............ RUSARUKUU  snSosecen 


JENNIE E. McLAIN, B. S., 
Professor of History and Literature............. 12005 O0Ke eaten 
WILLIAM C. DAVIS, ist LIEUT. 5th ARTIL- 
UA OTR EAU, (Shs Val 


Eroressorroniuuitary Science: and VactieSisca.. buneeee) an eeeeeeee 


Stenographer— 

ORANG CE AEE OMP SON Bais ccs ors aretee-serevecucs apeoce ees CHIU) = Grldwates 
Librarian— 

ViAT RIG RUE Eby AUD GING MES oS stare) cis eeiecncie is G50 00Mm ace 


Principal Preparaiory School— 
IVETE Vo TBD, i CERNE IE an re weer as care ayacateathe atten ateen ort vere aie site ere ten 650200 eos eats 
Assistants— 


JAY. De SDANNAED. Bans: 
PHYSICS Mande CivMe BME IMeCSHIIM Ss ver icreterelars oss:s sieeve. 1000500" ceean ne 


ROBERT E. TRIMBLE, B. &., 


Meteorology and Irrigation Engineering...,..... ........ 900.60 


i. DD: CRAIN, B. M. Ec, 
Mechanical Engineering and Drawing.......... LOO0O00; Saxons 


ALLEN P. GREENACRE, B. &., 
Forge-Room Work and Drawing............+..++ GOC.0O “Sy areats 


WILLIAM F. GARBE, 
MOUN GE YVa Ee GACEIC Ein ceminride ee cre) elec NE OGrO NOLO ES BAOLO0S teeters 


FRANK L. WATROUS, 


NPPICUIEUT EO] eaten cleo eines crim ee yisiermpeincincee oan eisielr eiernivi® 
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College Station 
Assistants— Fund. Fund. 
EDWARD S: G. TITUS, 
Dairy, (Student help)....2..cveeesss esses cece eee eee 503002 Wier - cle 


CART Hy POTDHRG Beat, 


CHARLES F. MERGELMAN, 
Floriculture and Landscape Gardening.......... $00.00)... ie asimerete 


LOUIS A TEST, Bava Be eAvmC., 
(Ov ot206 0} (si 6 ch AEE AST e ae cont deneeHoDtoountyeneane mpticcosee 900.00 


FRED ALFORD, B. §&., 
GHeEMISTY. wo ss scisaoleioia Maptesye embeds eres ecskes verse vie wisistele te e/ove at Melee ste 540.00 


JOHN E. KITELBEY, B. &., 
CHEMISE Ys: ssh ck were Aacereceuts nates sre ele eter sepeh cere: whe reload eis romana re 540.00 


ELMER D. BALL, B. S., 
AOOLOLY ANG, HNCOMIOVO LW rajaraiciarate, « oyete sherciae/stotieieiefe sleds) a cialis 900.00 


LATHROP M. TAYLOR, B. S., 

Stenography and Typewritine..4. ce essee ese se T00000% . astertacies 
CHARLES GOLDING-DWYRE, Jr., 

Bookkeeping and Penmanship.................+00: BOO!00 aw kets 


JOHN W. NEWMAN, B. S., 


Mathematics t..css.cee eee epee see ete 500:00) 9 ses. 5 oe 
Sub-Station Swperintendents— 
HARVEY H. GRIFFIN, B. S., 
Arkansas: Walley: Rocky word. Colo seesees eee 900.00 
J. E. PAYNE, M. S., 
Rainbelt, Cheyenne Wells, Colorado............. ......-- 800.00 
Engineers and Janitors— 
William. KEM... <2). ksencccus «2. cee eee 180009 Saziece<- 
John ‘H. Cameron, (Sriceuss.o..) 5 eee BAO OO a oes ecu 
James Ti. “Veazey. snc sacs. = cecsece swe = DAD 00 Weare 
“Ac. MEP Walkin, 2 o.oo Seats Nee 540:00%. tuardisc eek 


Isaac] N. Chatfield voy sees sce ee ee ee B40 00) Boss ona: 


THE STATE BOARD OF AGRICULTURE. 37 


College Station 


Laborers Regularly Employed— Fund. Fund. 
SES RG GRA CRO MET Ne ce M0 y 6 a Sibis swag esol eae aoe ee ER ee 405005 ett secs 
SAUNT aes Eins iI RNRCE: Pye ert Ss hes cleo apanais's auatens dvaiw ine Shee eit eerreraee are BANOO.) wiktedet 
BED Teens TaN Oye Staci a eh Em 5 c?atu a0 Nb ayoressin GG. ors tn OAR AG ORO BAO L0G. | scteschacenays 
ING Gems inee Rae e eteaaretayai flats sd islia sieicicic it’s «.nvea ss aap OOPS BIOs | Aesens. ox 
UO DEE tan ttIR ORO Lr eee rs ois call .ayois 21 Sea ates aeesek Maney ane te 480500) Wiees cas 
cee Verne AR EL, Seratatetaiere cicteis 22% G e'ie/s'« eisictunyeld Seelowteerot ante 480500) pe ayaerde 

EASRM LEN Mare ects: erate aU Taos 4/0. so 76 SAS a yukirnla as Riera aca cro oleae $34,090.00 $11,080.00 
General— 
Stations UsapOr age eaie etah aie ce can etn awkaeas eae. alee te 2,489.20 
GOWer as. Talo Orer cer weno h es cies xi cle siiheraye wih ccars ole aleceta Neyer ahele aces SOOO! ais sentence 
Student Pa poriead: somes emo cele seve « vitesse’ eibaisleorelveethes SODI00T ee tcreretarcists 
TE Call nae areas eerie ate Gist elai cassis estore inte Maser $ 1,400.00 $ 2,489.20 
SUMMARY. 
SE ELC oa. «sites tassel eR Tera are sacoueva 61s 6 lava. vtalaloye slecessietele she sane $34,090.00 $11,080.00 
TUSSS BOF lee g Stee cos Acie 01.20 RSE EEC EE IER Ee 1,400.00 2,489.20 
(Gu geh atoll ANC) een 5 en Ce CAR noe gpa DOS ene ong ec $35,490.00 $13,569.20 


SUMMARY OF COLLEGE INVENTORIES. 


NOVEMBER 30, 1898. 


LANDS AND ADJUNCTS:— 


Two hundred and forty (240) acres of land at 


an average value of $100 per acre................ $ 24,000.00 
Trunk sewer to the Poudre river................0. 6,000.00 
Pipe-line for water SUDDIY <2 7-00 20.7 esses 2,900.00 $ 32,900.00* 


* This estimate includes numerous sewer laterals and water con- 
nections; a reservoir for storage of water; all other improvements 
of the College grounds; and ditch stock, worth $2,000.00. 
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BUILDINGS, INCLUDING PERMANENT FIX- 
TURES :— 
Main College Building........cc...sceeee esse erences $ 36,000.00 
Mechanical Engineering Building.................. 21,000.00 
Agricultural Building and Creamery...........-. 10,500.00 
Horticultural “BU cies viecteescremaaeeensaiits 15,100.00 
Civil, Hngineerine-) Buildin acest tects street 9,000.00 
Commercial Collese ew BUil Gini emacerertcytelatetel ctrl 6,000.00 
Chemical Wa borawOLy strc sctemioel ci tettletieretetsraet AORUBE 27,000.00 
Building for Department Domestic Science...... 4,650.00 
Greenhouses ($3,000) and Forcinghouse ($1,500)... 4,500.00 
Barns, Toolhouse, and Shed on Horticultural 
GOWNS — 4s c.cccc.d gas a ouina eater uteerntetere civic orale let otnyaretate ee 1,425.00 
Barn on College Parmiicic.s accesses ROC OIE erie 4,000.00 
Sheep Barn and Paddocks ($600); Implement 
House and Shed ($450); Pig-pens ($300); Other 
Stock-pens ($350); Root-cellar and Silo ($250); 
Fencing ($1,450) on College Farm................. 3,400.00 
Harm Dwellings ELOUSC eesti costs aster certs 2,700.00 
Depot, Hose-house, and) 7Aplaryaceerece dearer 700.00 
Grand Rota. cuswenetenemene secemcee meietceee cere 
DEPARTMENT INVENTORIES :— 
Historysand Witeratuness qe erecta eeinete $ 400.00 
Hneslish and Philosophy-anaeenceeree eee een een 189.17 
Mathematics cic sc nence see eee eRe ee ee 572.85 
Military .science and actics seen rere er eeer arene 7,338.05 
ZONOsy Mand ont OM OlOSyacre eee eantte 4,953.85 
Mechanical Hngineering and Drawing............ 14,306.95 
Agri CUILUGE™ tatsien os -eiesisasies os cee ERO EER eee 6,072.00 
Botany and Se orticnl ture... eee e eee 6,578.93 
Civil and Irrigation Engineering............-+-+-<.. 10, 227.63 
CHEMISERY ns vis iehcistienn te hota tiskis acco ae 2,870.65 
Domestic Science ae access ues eee 870.68 
Commercial Departments nec eeeeee 1,793.24 


145,975.00 


$178, 875.00 


$ 56,169.00 
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MISCELLANEOUS— 
PEE siren s vOImee INO Laet.dwece-sr chon decals a nguates O) oyOueuLe 
IPECSICEINE Ss (Ofieer NO. 2oss.c ete enalnitonns Sete 2,254.50 
Seenekarys Se OM GA e a. s,s ost eaephaniaeete oe 494.28 
Dareecore say O fi Cae emis a sovaas seins Aas adi eae emia eae 865.50 
BPR OA)" - oa ORS CaM ARS Ee eS S CRD LR re Fam ORCS fi 10,752.28 $ 18,244.73 
Grand “Rotaletor Colleseya. sentence ane ote $253,288.73 
SUMMARIES :— 
Totakvaive: of, Gollese property 1892. voccesctcsetne scission $144,568.98 
Total value of Gollese: property,, 1892 nya ste ie ls oe ee 176,600.26 
Total yalwuenot Collese Property y Loosen meee oo sieelscern Nise aere 187,847.53 
Total gvaluerot: Collerer property SOF se epicrese tachi etenerera a ieee eae 197,633.76 
Totakvalucior Collese* property wa sou. noc arsine seer 207,411.83 
Total value of Collese: property 1896 pce corcae cove oer tteetors 212,699.52 
Total value of Colleze property, USOT). sacs. men cicG oe cralielen a een 232,667.62 
Totaisvalue OL Collesesproperey, So Sear cnet. canescens 253,288.73 
EXPERIMENT STATION INVENTORIES. 
NOVEMBER 30, 1898. 
AGRICULTURAL SECTION, FORT COLLINS :— 
Parny SEM plements terrae tect emery eimaiiersinm elec eiseece sts perels $ 1038.00 
Dairy Supplies re prrcnce rae teeetever seventies em aces e weteiele nucle 350.00 
CQAnaKCe? AMDHBOYES) Cec pa on bo LdGe aie Bud oo Ren OOM BOCERUBOOnOTOn 374.00 $ 827.00 
HORTICULTURAL SECTION, FORT COLLINS :— 
InStrumentsPanads SUDDILES caceuct/sernsleeieu seit ice niece eros 634.59 634.59 
SECTION OF METEOROLOGY AND IRRIGATION 
ENGINEERING, FORT COLLINS :— 
Meteor OLOSi Calm SUT UMMETIUS oe stele = e)st01s)<1siele vielen indie vas nin 383.40 
DTS ALO WMMEAT POUT UCU S cteleresclarciaisiatctersservlecarei<10/0/0 ciel ceiei sev sava/e%nissele 376.28 
HAs 9 CUTAN CoMANTO DA TELLS aetyorstasere eyaselel cine ns evoke ausra\ejerdunso le diner e-e 166.95 
Stationery, andwO@imce SuUppliCS.)...:2-s06.-cicemweeece ses 142.31 1,068.94 
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ENTOMOLOGICAL SECTION, FORT COLLINS :— 


Laboratory SupplieS........... cece cere cere een eter eee 78.45 
Entomological SupplieS.........eeceee eee er eee ener eens 84.65 
Insecticides and ApparatuS......-..eeeeeeseeeeeeeeeees 101.00 
Apiary Supplies...........ccceeeee eee seen tee e sere reeeees 162.95 
Microscopical Apparatus in Charge...............+++- 335.00 762.05 
Total for Home Station Property................. $ 3,292.58 
ARKANSAS VALLEY STATION, ROCKY FORD:— 
Two hundred (200) acres of land............6...0-..-0 $ 9,800.00 
Water Rights: and -Apparavuse cians -lesinetieisieie lates 1,858.00 
Biuildines and MH encime ys. ccs tleeeertsteey tele reieoereinists 2,372.80 
IBihcrt o1KOXe) Ge AER ORAS HARON CACHOO IA Uo CoMD Udo onion hotneeAGaor 166.00 
Marm: Limplementste.cs. acces eerste 553.75 
Harm Products Oms Elam Clarence tetetec eect rete saci 711.90 15,491.20 
RAINBELT STATION, CHEYENNE WELLS:— 
One hundred and sixty (160) acres of land.......... 200.00 
House, ‘Barn, “Mencine, etcheraseaescoreeee emcee ean 1,265.00 
Farm Products and Supplies on Hand............... 91.05 
Live-Stocky and: Timplementstscame renee serie re 348.85 1,904.90 
SAN LUIS VALLEY STATION, MONTE VISTA:— 
One hundred and sixty (160) acres of land.......... 2,110.00 
Twenty (20) inches of water in the Rio Grande 
CAMA Hee icieln cikisistok tele cic's wuss vlslslaree wosie7e CERES 300.00 
Buildings yWencing sande Weller epee nee sere ee 1,497.00 
Horses VV ason,e and SElairicss seen etree 177.00 
Hanmi implements metem prc asteescenceeeeeneenenee 54.90 4,138.90 
DIVIDE STATION, MONUMENT :— 
HOLLY (40) acres Of Mand memeaea seh cote ce eae nee 200.00 
BMINGIN ES oeic seat cicielore anette “ea eer che doe oe 600.00 800.00 


$22,335.00 
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SUMMARIES :— 
Grand Total Experiment Station Property, 1898................ $25,627.58 
Grand Total Experiment Station Property, 1897................ 25,648.54 
Grand Total Experiment Station Property, 1896................ 25, 289.62 
Grand Total Experiment Station Property, 1895................ 27,086.78 
Grand Total Experiment Station Property, 1894................ 29,797.18 
Grand Total Experiment Station Property, 1898................ 25,087.12 


GROUNDS AND BUILDINGS; NEED OF A NEW BUILDING. 


The college land touches the City of Fort Collins on 
the south. In the north-east corner of the grounds are 
to be found the various college buildings. Most of the 
240 acres owned by the State is given up to farm opera- 
tions, general and experimental. The ground imme- 
diately adjacent to the college buildings is made use of 
by the Horticultural Department in the prosecution of 
its special lines of work. The lawns about the buildings 
have an abundance of ornamental shrubbery, with here 
and there flower-beds upon which the skill of the florist 
has been exerted with pleasing effect. The drives 
through the farm are thoroughfares at all times of the 
year. These drives are kept clean and well-rolled and, 
being well shaded in summer, are much frequented by 
those seeking out-ef-door recreation by riding or driving. 

The college authorities draw a long breath of relief 
in announcing the completion of the new Chemical Lab- 
oratory. Two years ago a legislative appropriation for 
the completion of this building was asked. It was not 
granted, and every dollar required for putting this build- 
ing at the service of the State, both in educational work 
and in furthering the work of the experiment station, 
in which our farming communities are so deeply and 
vitally concerned, was taken from the regular mill-tax 
fund for the general support of the College. The build- 
ing stands, to-day, a testimonial of the business capacity 
of the members of The State Board of Agriculture. 
Departmental equipments and library additions have 
suffered by reason of the rigid economy in the handling 
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of college funds, but it were better thus, possibly, than 
to face the needed efforts of a new fiscal year with a 
debt burden to carry. 

As soon as the building that had so long served the 
Department of Chemistry was vacated, plans were sug- 
gested for its remodeling to render it suitable for the 
use of the “Business College.” The expenditure of less 
than one thousand dollars has so changed the building 
as to make it serviceable in accommodating all the 
classes of the Commercial Department. The interior 
now presents a sightly appearance. The removal of 
partitions and other adjustments of space have given 
four classrooms and an office. Classes in bookkeeping 
meet in one room; those in banking practice, in another; 
those in typewriting and stenography, in another; while 
the last room—a well arranged general classroom—gives 
ample quarters for classes in spelling, commercial arith- 
metic, commercial law, business geography, etc. The 
building is heated by steam, is well lighted and ventil- 
ated, and has every convenience required for the right 
carrying on of the work of the Department for whose use 
it has been put in order. 

A “Mechanical Department” was created in 1882. 
Its work was carried on in the basement of the Main 
Building, immediately beneath the present library room, 
until the following year when a building better designed 
for the use of the Department was erected on the north- 
west corner of the campus. This building has been re- 
modeled and enlarged until now it covers a large area. 
Here is to be found the machinery and other equipment 
made of highest utility in prosecuting the well-planned 
and varied work of the present Department of Mechan- 
ical Engineering. 

In the summer of 1898, a new 80-horse-power boiler 
was put in place at a cost of $1,100. The old boiler had 
outlived effective service and was a menace to life and 
property. The new one is of approved design and good 
workmanship and will furnish all the power needed to 
run the extensive plant. 
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The need of a building suitable for carrying on lab- 
oratory experiments in mechanical engineering has long 
been felt. Through the generosity of some public-spir- 
ited citizens of Fort Collins that need will exist no 
longer. Voluntary contributions have been made to a 
fund that is now large enough to insure the speedy com- 
pletion of a building for special experimental and prac- 
tical work in advanced mechanics. The purpose of the 
building and its general appearance, are set forth in an 
article recently published in “THE ROCKY MOUN- 
TAIN COLLEGIAN,” a paper devoted to student inter- 
ests, from which quotation is made: 


“The laboratory idea is one of the strong features of the 
College. The Mechanical Engineering Department has gradu- 
ally been brought to a high degree of usefulness, and those who 
have watched the growth of this branch of the college work have 
become much interested in it, and it has become a feature which 
is very attractive to those who visit the Institution. The stu- 
dents who have taken up this line of work have, for the past 
two or three years, been given considerable advanced work, and 
original investigations and experiments have been undertaken 
with the limited accommodations at hand; so valuable to the 
students has this work proved, and so earnestly have they de- 
sired it, that much encouragement was felt still further to fur- 
nish the necessary accommodations to do work similar tc that 
of the older and larger institutions of the country.” 

“The object of the work of the laboratory is to give the ad- 
vanced students an opportunity to make investigations of the 
physical properties of materials of construction entering into 
buildings, machinery, and other structures; and also to make tests 
and examinations of different kinds of boilers, engines, motors, 
pumps, and all kinds of mechanical appliances which may be ob- 
tained for the use of the department. This opens up a splendid 
and valuable field to the students of the College, not before avail- 
able, and the experiences obtained here will be of inestimable 
value to them. Other institutions of this kind throughout the 
country are rapidly providing conveniences for this work, and 
our own institution is to be congratulated for keeping in the van.” 

“The work does not interfere in the least with that of any 
other department, and is an added help for the department for 
which it is designed. Nor does it disarrange the plans of the 
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Mechanical Department, but enables the work to be extended in 
a most satisfactory manner. A number of pieces of apparatus 
had already been given, by generous parties, for carrying on this 
work before the possibility of a building was known.” 

“The building will be situated directly south of the present 
Mechanical Engineering Building and will be known as the Me- 
chanical DPngineering Laboratory. It will be 40 feet wide and 60 
feet long, and built of brick.” 


MECHANICAL: ENGINEERING: LABORATORY: 


STATE: AGRICULTURAL: COLLEGE ' 


FoR T-CoLLins, COLORADO. 
U a 


) 
ed 


TWAS : 
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The total value of all state property now under the 
control of THE STATE BOARD OF AGRICULTURE 
is nearly $279,000. All this property has been secured 
from drafts upon the mill-tax fund voted for general 
college maintenance, save $49,500 voted by the Legis- 
lature for the erection of college buildings and for 
sewer construction, and $2,500 appropriated by the same 
body for the establishment of an experiment station at 
Cheyenne Wells in Cheyenne county. 

Two years ago, in the annual report prepared just 
prior to the biennial session of the General Assembly, I 
outlined with some care the needs that seemed most 
pressing in the hope that a special legislative appro- 
priation would be made to meet them. A small appro- 
priation—still a very helpful one—would have been se- 
cured had not a dead-lock between the branches’ of the 
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General Assembly delayed legislative action on a num- 
ber of appropriation bills until the legal limit of the ses- 
sion had been reached. 

The highest legal tribunal of the State has decided 
that appropriations for improving the grounds belong- 
ing to state institutions by drafts upon the Permanent 
Improvement Fund, and other funds of a like nature, 
are contrary to law. The general revenue of the State, 
then, must be looked to for meeting all special legisla- 
tive appropriations for the use of these institutions. 
That revenue has been a gradually diminishing quan- 
tity of late years by reason of the falling off in the valua- 
tion of the property by the general taxation of which 
—under the constitutional four-mill limit—it is secured. 
A recognition of the limitations thus placed upon our 
law-making body in the matter of making appropria- 
tions, other than those provided for in former mill-tax 
enactments, for the state educational institutions, causes 
hesitation on our part in pressing for any large appro- 
priation for building purposes however urgent the need 
of such appropriation may appear to us. 

Something has been done within the last biennial 
period to make provision for meeting the needs sum- 
marized in the report issued in 1896. The statement of 
those needs was as follows: 


1. Completion of the new Chemical Labora- 
tory. 

2. Better quarters for the Commercial De- 

partment. 

A new Library Building. 

A Central Heating Plant. 

An Electric Light Plant. 

A Dairy-House with all necessary appli- 

ances. 

7. A new building for the Department of 
Zoology and Entomology, with proper 
quarters for the College Museum. 

8. Rooms for the College Literary Societies. 


SS ae 
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9. An Assembly Room suitable for Chapel 
and General Exercises. 

10. An Armory, a Drill-Room, and a Gym- 
nasium combined. 


The most pressing need has been fully met by the 
completion and occupancy of the new Chemical Labora- 
tory. The Commercial Department now has ample and 
desirable quarters in the building formerly occupied by 
the Department of Chemistry. Thus two of the ten 
needs specified two years ago have been adequately pro- 
vided for. The next most evident need is an “Adminis- 
tration Building,” as it may not inaptly be called. A 
new chapel, for assembly and public exercises, is a press- 
ing want. It could find a place in the new building; 
as could an armory and a gymnasium, quarters for the 
library, rooms for the literary societies and Christian 
associations, offices for different persons connected with 
college administration, study rooms for students, recep- 
tion rooms, and the like. A building as large as the new 
Chemical Laboratory, recently completed, would answer 
the needs of the College, in the matters referred to, 
for years to come. A state appropriation of $30,000 
would suffice for the erection of the building and its 
equipment for use. The removal of the library and ad- 
ministrative offices from the Main College Building 
would vacate rooms that could at once be used by the 
Department of Zodlogy and Entomology. The present 
crowded condition of the Museum would at the same 
time be relieved. 

The present method of heating and lighting the col- 
lege buildings is unsatisfactory and expensive. A cen- 
tral heating plant and the means of electric lighting are 
recommended as necessary both by efficiency of service 
and economy of effort and money. 

When the dairy interests of Colorado is considered, 
when it is clearly known that it is the work of our De- 
partment of Agriculture, in its wide-reaching work, to 
promote these interests in the most direct way that ex- 
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perience and experiment may suggest, the need of suit- 
able dairy quarters and appliances stands confessed. 
Our present dairy plant can hardly be said to be beyond 
the infancy state. Means are not present for the suc- 
cessful prosecution of experimental work of much vital 
importance to the dairymen of the State. A building, 
with the requisite equipment, is of prime importance 
if any further effort to suggest profitable methods of 
conducting a dairy is to be made. 


COLLEGE FINANCES. 


The sources of college revenue have been frequently 
explained. The financial support the college receives 
from Colorado has been growing less of late years. The 
mill-tax fund—one-fifth mill on the dollar—for college 
support is levied upon the assessed value of the taxable 
property of Colorado. The assessed value has under- 
gone some queer changes in the last seven years as the 
figures herewith given will show. 


Assessed Value 


Year. of Property. 
GCN eevee = CO Gran DAOC CHO OOH OD COC CT CMO SACRO O OTIS $236,884, 449.48 
I Eee aa 0-478 Ohad Ae Can Eas Oe Serene nee o Mac enone pee 238,722, 417.05 
Be) eRe Carcieri ao ee Oe CEE Ot OL ETE 208,905,379.15 
PROG oe eee: Ropar Beet aL tric nayecty colisors ole ufo breve yarseiaie race o8)3 201,308, 969.10 
ESO Gis renee ie eres heres OD OS ee aie aie re ean, eisai Re bra sislelon a 205,598,561.00 
IAS. Fikes a eee con cnet oe Oo Orn Oe eC AOE EE Terie etre 197,276, 446.00 


The last compilation of assessments, that for 1898, 
shows the total taxable property of the State assessed, 
in round numbers, at $187,000,000.00. Within the last 
five years the assessed valuation of property subject to 
taxation has fallen off more than fifty million dollars. 
This means an annual loss of state revenue, for college 
support, of more than $10,000. In June 1892, the total 
enrollment of students was 146, much less than half 
that reported in June 1898. Thus while student enroll- 
ment is increasing rapidly, the revenue for college main- 
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tenance is becoming less every year. This loss of rev- 
enue would have been a more serious matter for the Col- 
lege had not the income received from the Government 
endowment funds been somewhat augmented each year. 

The first Act of Congress, under which the College 
now receives an annual income somewhat definite, was 
passed in 1862. Colorado, under the provisions of that 
act, received 90,000 acres of land as an endowment of 
THE STATE AGRICULTURAL COLLEGE. Most of 
the land has been sold, and the sale proceeds form a 
permanent endowment fund amounting (Oct. 1, 1898) 
to $68,612.09. This permanent fund is under the control 
of the State, and the college revenue therefrom is the 
interest the State pays for its use. From the land un- 
sold, and from interest upon sums due upon lands sold 
but not yet paid for, the College receives a further rev- 
enue amounting to no sum that can be definitely stated. 

The Congressional act of 1890, for the further en- 
dowment of colleges of agriculture and the mechanic 
arts, has within the last biennial period given the Col- 
lege $47,000. 

A summary of receipts, for college support, within 
the last two years, is as follows:— 


Land Income Fund (Act of Congress, 1862)..... $14,000 


Additional Endowment Fund (Act of Con- 


F23 of =| es 8-11) ee eR Sn Sais dn oabagonabooneobaa 47,000 
Mill-tax* “Mund. (State)n.. cee eee eee eee 70,000 
Total for 'Towo: “Vears)c. gare eee ene $131,000 


The Government appropriations, under the provis- 
ions of the “Hatch Act,” 1887, for the exclusive support 
of the Experiment Station, within the same two-year 
period have been $30,000. No part of this fund is avail- 
able for college support. 

There is pressing need of such legislative action as 
will place the handling of all college revenue more di- 
rectly by the college authorities. At present, the State 
Treasurer is the custodian of all college money save that 


) 


ie 
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received from the Government for experiment station 
support. To say that the present plan is not satisfac- 
tory, is to put it in mild form. The present plan of per- 
mitting the State Treasurer to handle the revenue of 
the College, as its treasurer, is favored by those who 
have been taught to believe that a great interest saving 
to the State results from it. This arguinent has no just 
basis in fact. The mill-tax fund, the product of state 
taxation, is used up about as fast as it comes into the 
hands of the State Treasurer. Were any accumulation 
of this fund to be in possession of that official, he could 
not, by its investment, make an interest-bearing fund 
of it, because he can not know, with any certainty, when 
its disbursement in redemption of vouchers of indebt- 
edness duly issued by The State Board of Agriculture, 
will be necessary. There is no state fund of the College 
that can, with safety, be made interest bearing. There 
is a fund, however, that can be made to yield an in- 
terest, and that is the fund voted by Congress, under 
the provisions of the “Morrill Bill,” 1890, for the further 
endowment of the College. This annual appropriation, 
of $24,000 for 1898, comes in the shape of one draft 
annually, upon the Treasurer of the United States. The 
college drafts upon this fund are made monthly. Be- 
ing of nearly equal amounts throughout the year, they 
can be fairly estimated in advance by the custodian of 
the fund upon which they are drawn. At the time of 
the writing of this report, the fund referred to has 
several thousand dollars to its credit. This credit is 
looked to for the means, in part, of college support up 
to the close of the next government fiscal year, June 
30, 1899. I assert that this is the only college fund 
that can be made safely available for the production of 
interest. I assert, further, that if the College has ever 
received one cent of interest revenue from that fund I 
have been misinformed. The State of Colorado can have 
no just claim to any interest which the government 
appropriations for college support may earn. Fair deal- 
ing would suggest that all interest earned by such ap- 
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propriations should be for the sole use of the College. 
The way to reach an equitable solution of this whole 
matter is to enact a law empowering The State Board 
of Agriculture to select its own treasurer—with proper 
safeguards as to bond, bondsmen, etc.—and to make 
this official the custodian of all college funds just as soon 
as the same may be available for use. 

The plan of having a local treasurer to receive and 
disburse the experiment station fund has ever worked 
without friction. Not one cent of this fund has ever been 
misappropriated or lost. The financial statements of 
this officer have never met with rejection or criticism by 
the authorities at Washington. There is no reason to 
fear that the officer who has handled the experiment sta- 
tion revenues so satisfactorily would prove untrust- 
worthy were he made the custodian of other funds, sub- 
ject as far as their expenditure is concerned, to the con- 
trol of THE STATE BOARD OF AGRICULTURE. 

Much interest naturally attaches to the first Con- 
gressional act, that of 1862, making provision for the 
permanent endowment in each state and territory of at 
least one land-grant college. Under that act Colorado 
receives 90,000 acres of land for the permanent endow- 
ment of THE STATE AGRICULTURAL COLLEGE. 
Through the courtesy of Hon. L. C. Paddock, Register of 
the Colorado Board of Land Commissioners, I am able 
to present, herewith, tabulated statements showing the 
location of this land, the disposition made of about one- 
half of it, and the approximate annual revenue received 
by the College from the grant. 
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Acreage Patented Acreage sold Acreage remaining 


to State. prior to Nov. Noy. 1, 1898. 

County. 1, 1898. 
IBA CaerscGs ne cots ioe Seen ance earric 635.42 
Bent cps gegen dations 1,903.95 386.67 1,517.28 
PPO MOD Es coms osc 9,585.44 4,635.61 4,949.83 
JOA EMER! ceases ine OOO 50 Ss ve Pets 5,601.50 
Las Animas’ wack ..¢2. AQ)SOON IEE a) Desert arts 400.00 
Montezuma ios .meies TORT ZONT Os WF ge Syerys-ceenn 19,121.29 
OLERO Wejaciese.loseaeeeces 42,589.61 38,239.72 4,349.89 
AED LON sce eee et CREA ee ke oatcobn,, 6,118.83 
FROG ccestemetonsenyesa rs IEOOG AO ein Wel Dn ectncrns 1,996.28 

ROLE jcatacaceienis 87,947.32 43,262.00 44,685.32 


The amount of permanent funds invested for the 
benefit of the College is $52,663.01, which sum is invested 


in 6% interest-bearing State warrants. 


The probable income from certificates of purchase 


for 1899 is as follows :— 


County Permanent. Income. 
PPOIIGIL) aoe etre states ee aiveeaad cfarertye.d 2 $ 14.00 $ 14.28 
OQECT OO each cco rere sie erapaisiets laters o eteis 5,126.22 4,930.84 

ENOEANM aera Ce miek eran oo sree nieeleres $5,740.22 $4,945.12 
The following income from leases. 
Acreage Annual 

County. No. of Leases. under Lease. rental. 
Ue DLOl te eee ace es tetee miartereciers, 1 80 $ 10.00 
IMEOMECZUINAL eareeisise « cisiareie’s occas o0' i 720 146.50 
MATIN CR eee ct mine astec craic il 2,578 64.47 
iMaeakol Me“ pomdap occa oh CODOTCOUOCO 5 1,240 58.00 

MaNIGhN Kan vapneaebbecosnnnosotdE 14 4,618 $278.97 


The total receipts from the land-grant endowment 
from January 1, 1897, to September 30, 1898—a period 


of twenty-one months, were as follows :— 
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Permaiament LUG eis odie ers o bipin avers whe olevosoleleioin) ole wieiale/sinnedenpisiv)i-yoreleke $9,554.97 
ihaVcloy eaten coals ay enh Ac Aarne mnOOnL Ome oO Obi. Srnidoon BETO d.oo9 9,009.45 


No portion of the permanent fund is available for 
college support. Any interest return from its invest- 
ment is, under limitations named in the Congressional 
act, a source of financial support to the College. 

It will be seen that of the 90,000 acres of land to 
which the College is entitled, there yet remain 2,052.68 
acres unpatented. Steps have been taken to locate this 
land and to secure a patent therefor from the General 
Government. 

In the older and more populous states of the Union, 
the annual revenue for college support derived from the 
land-grant endowment of 1862 amounts to many thou- 
sand dollars, giving the institution for whose benefit it 
was established a not inconsiderable part of its total in- 
come. In Colorado, the college revenue from this en- 
dowment can never reach a sum that will prove any 
large per cent. of the total sum required for college 
maintenance. There is need that the lands now unsold, 
and yet to be patented, be handled with the utmost care 
that the ultimate permanent endowment of the College 
may be swelled to the largest possible sum. 


The State Treasurer is made the custodian of the 
permanent fund, the college endowment, the interest in- 
come from which is one source of college support. This 
permanent fund is generally invested in State warrants 
and is thus made to produce a 6-per cent. revenue for the 
College. By reference to a preceding paragraph in this 
report it will be seen that, according to figures given out 
from the State Auditor’s office, the permanent endow- 
ment, on October 1, 1898, amounted to $68,612.09. From 
the statements received from the office of the Register 
of the State Board of Land Commissioners, under date of 
November 2, 1898, it is shown that the sum actually in- 
vested, and thus made interest-bearing for the College, 
was only $52,663.01. These figures show that about $16,- 
000, or nearly one-fourth of the whole endowment fund 
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is unproductive of any college revenue. The annual in- 
terest-income thus lost to the College approximates one 
thousand dollars. 


COLLEGE AND EXPERIMENT STATION. 


I think it is beyond discussion that the law of Con- 
gress contemplates a vital connection between the land- 
grant college and the experiment station. True, this 
union is not forced, some discretionary power being 
lodged with the law-making power of each state, but the 
evident intent of the law, known as the “Hatch Act,” is 
that the experimental work in each state shali be prose- 
cuted in close contact with the college and under the 
supervision of its governing board. The wisdom of this 
working policy has not been gravely questioned. Pro- 
vision is made in the law, for a division of the experi- 
ment station fund between two colleges, if there be such 
in the same state. Where experiment stations had been 
established prior to the approval of the Act of 1887, the 
states wherein they existed were not forced to abandon 
them in order to share in the distribution of the fund pro- 
vided by that enactment. A then existing university 
was entitled to the benefits of the act—by special legis- 
lative action—provided there were established in con- 
nection with it “a separate agricultural college or school, 
which shail have connected therewith an experimental 
farm or station.” 

When the “Hatch Act” became operative, Colorado 
was placed in a most favorable position for the utiliza- 
tion of the experiment station fund. There had been es- 
tablished, nearly ten years before, an educational insti- 
tution, having no educational or governmental union 
with any other, known as “The State Agricultural Col- 
lege.” There was no other educational institution within 
the state that had a shadow of a just claim to ask any 
portion of the grants of money authorized by that act. 
In the legislative act, making acceptance of the provis- 
ions of the Congressional act of 1887, is a section that 
reads as follows :— 
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“That the State Board of Agriculture shall have the con- 
trol of the fund appropriated by the said act of Congress and 
shall disburse the same for the use and benefit of the Agricul- 
tural Experiment Station Department of the State Agricultural 
College, and in accordance with the terms and provisions of said 
act of Congress.”’ 


Legislative action, by Colorado, on another matter 
was not so wisely ordered and was not so fortunate in its 
issue. A number of sub-stations were established and the 
college governing board was required to provide for 
their support out of the station fund received from the 
United States treasury. In only one instance, in the his- 
tory of the experiment station of Colorado, has there 
been a legislative appropriation for station support. 
This history is, doubtless, repeated in a majority of the 
states. 

While state control of the experiment station work 
is widely permissible, under the terms of the “Hatch 
Act,” that control does not legally extend to a division 
of the Government experiment station fund among a 
number of sub-stations. In most cases these sub-sta- 
tions are unnecessary and bring about an unprofitable 
employment of station effort. The Government station 
fund is rightly used in the support of one station in each 
state, said station being a department of an agricultural 
college or school either with a separate organization or 
in connection with some educational institution under 
state control. Any other use of this fund is clearly un- 
authorized by the Congressional action creating it. 

In this connection I may record my conviction that 
there are but few cases where college support is had at 
the expense of the experiment station fund. The con- 
verse is true in the majority of states of whose college 
and station organization I have knowledge. A not in- 
considerable part of the time devoted to station work 
and much of the equipment employed in its prosecution 
are paid for by drafts on the college treasury. 

There has been some discussion in educational con- 
ventions, and elsewhere, as to the closeness of the con- 
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nection that should exist between the college and the 
station. The closer and more vital that union the better 
for both interests, is an opinion I have entertained ever 
since my attention was given to the question. If the 
experiment station is to be a department of the college— 
and that to my mind is the plain intent of the law—its 
relation to the college should be on the same basis as the 
relation of any other department thereto. There must 
be no wheel within a wheel so adjusted as to admit of the 
possiblility of their attempting to turn in opposite di- 
rections. The president of the college is the logical head 
of the experiment station as he is, unquestionably, that 
of any other college department. I do not mean that 
his headship is to be shown by a direct personal super- 
vision of departmental work or even that he is to be 
learnedly conversant with the details of that work, but 
that in his executive capacity he is the legitimate head 
of the whole college system whether of few or many de- 
partments. There is nothing inconsistent with a wise 
ordering of station work by the college executive even 
though he be no specialist in science and stand con- 
fessedly incapable of prosecuting experimental work sup- 
posed to be the forerunner of more successful farming. 
What occupant of the executive chair of an educational 
institution could undertake, personally, to conduct all 
phases of class-room and laboratory work with which his 
executive functions bring him in contact? 

The ideal station director, as some attempt to de- 
scribe him, should be a specialist in every known de- 
partment of science—a chemist, an entomologist, an agri- 
culturist, a botanist, and so on through the list until the 
nomenclature of scientific specialists is exhausted. It is 
not strange that a professor coming to the directorship 
of the station, with supposedly this amount of scientific 
qualification tacked to him and properly labeled, should 
soon come to regard himself as a “bigger man” than the 
chief executive of the college. 

There is no executive function connected with the 
work of the experiment station that can not be per- 


’ 


56 TWENTIETH ANNUAL REPORT 


formed by one qualified properly to supervise the gen- 
eral workings of a college. A union of director and pres- 
ident in the same person gives coherency to all the work 
and is in the interest of economy and harmony. Next to 
the president, the agriculturist of the college would seem 
to be the one most naturally eligible to the office of di- 
rector; but the appointment of the head of one college 
department to direct work with which other departments 
are closely connected has its obvious disadvantages. 

Another question having connection with others 
herein suggested is, Shall the heads of college depart- 
ments to whom teaching hours are assigned, constitute 
the scientific working force of the station? This is a 
question about which, as about most others, something 
sensible can be said on both sides. I believe there is 
strong reason for saying that the capable teacher, pos- 
sessed of the true scientific spirit, will prove the most 
serviceable worker in the station; yet few rules are with- 
out their exceptions. The professorial duties of the sta- 
tion worker must be so ordered as to give him time to 
devote to experimental work. Herewith I insert some 
language found in my last report as director of the ex- 
periment station :— 


“T think it can be affirmed that most scientific men who give 
instruction and make investigations at the same time, as do the 
station and college workers now in mind, have a decided prefer- 
ence for the experimental side of the field upon which they be- 
stow thought and effort. Their reports show a decided inclina- 
tion, on their part, to emphasize the importance of the scientific 
and experimental investigations which they have under way and 
an evident desire to be released as much as possible from the 
cares and duties of the class-room. The tendency in the direc- 
tion indicated is too strong to escape notice. It much more than 
counteracts any loss of experimental attainment by reason of 
periodic application to the work of instructing classes and super- 
vising laboratory exercises.” 

“There is a closer connection between the scientific work 
of an agricultural college and the experimental work of the sta- 
tion connected with it than is usually supposed to exist. The 
one qualified to conduct experiments in agriculture ought to be 
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one well fitted to give instruction to a class of students studying 
the subject. The scientific training that gives the chemist abil- 
ity to analyze soils, waters, fertilizers, and food products makes 
him all the more serviceable in the class-room or laboratory in 
the presence of a body of students. The plan of articulating the 
work of the college and the station as closely as possible is sound 


in theory and fairly satisfactory in practice.” 


President H. C. White, of the Georgia State College 
of Agriculture and Mechanic Aris, speaks of the union 
of the school of agriculture and the experiment station 
with the college proper in the following langauge:— 


“The school of agriculture should be the clinic of the col- 
lege. In a manner, it should bear the same relation to the col- 
lege that the hospital bears to the college of inedicine. It should 
be primarily designed for those who have already received, or 
are at the same time receiving, the educative culture of the col- 
lege proper, and it should not undertake to duplicate, or infringe 
upon, the pedagogic work of the college. * * * The illustrative 
work and training of the college farm and its attachments should 
be distinct from the research work, in its several lines, of the ex- 
periment station. It is, unquestionably, eminently advantageous 
and desirable that the station should be intimately associated 
with the College, particularly for the sake of the station, but for 
the sake of the college as well. For that matter, an investigator 
in one might very wel! (and preferably) be a teacher in the 
other, and advanced or graduate students of the college might 
be admitted to participation in the researches of the station; but 
the work in each should be distinct, and while they should coép- 
erate and aid each other whenever possible, the distinctive pur- 
poses and functions of each should be carefully discriminated.” 


COLLEGE DISCIPLINE. 


Discipline is a term that grates harshly on the ears 
of many super-sensitive American people. To them it 
savors of force, oppression, and the restriction of legit- 
imate freedom. There never was a time in the history 
of our country when parental discipline, school disci- 
pline, and college discipline called for wiser ordering 
than now. Our people seem seized with a spirit of un- 
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rest that makes them uneasy under restraint however 
mild and salutary it may be. We boast of our free in- 
stitutions and almost in the same breath give expres- 
sion to words that show that liberty and license are not 
wholly divorced in our minds. 

The right handling of college students is no easy 
matter; and the outcome of college administration, in 
as far as it affects the future relations of students with 
the governing agencies of the country, may be of the 
highest importance. Sowing wild oats in college, as 
elsewhere, usually brings but one crop. If there is one 
place above all others where order, sobriety, and de- 
cency should hold sway, that place is in an educational 
institution supported by money taken from the tax-pay- 
ers’ pockets. If educational institutions are not to train 
for usefulness, for honorable effort, for good citizenship, 
how strong an argument for their maintenance at gen- 
eral charge is removed. The education of the intellect 
is well, the culture of the heart is desirable; but, in 
many respects, the training of the will surpasses either 
in wide-reaching effect. The undisciplined mind is the 
one where the will runs riot and puts under foot the 
best suggestions of the intellect and the most generous 
promptings of the sensibilities. How to reach and de- 
velop what is best and noblest in student character, 
is the burning question of the day. Different conditions 
will evoke different agencies for the accomplishment 
of this end. The age and previous preparation of the 
student for college life have something to do with the 
kind of college administration proper to bring to bear 
upon him. The student who has reached man’s estate 
is not properly subject to the closer supervision desir- 
able in the case of the young preparatory student who 
stands, as to years and development, at the most critical 
period of character forming. 

Shall the student body have a representative voice 
in college administration? I have never known such a 
body to which could be safely delegated any controll- 
ing voice in the government of the institution with 
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which it was connected. This statement, if accepted 
generally, may suggest that college students are not 
capable of self-government, even in part, and that con- 
clusion is usually the correct one. I would willingly 
see heralded in a new, a more enlightened era in the 
management of college students. Gladly would I wel- 
come a condition of affairs that would enable faculty 
ability to be felt more strongly in class-room and lab- 
oratory aud less in devising ways and means to secure 
the orderly deportment of students. 

The stumbling-block in the way of a better under- 
standing between faculty and students, in the matter 
of college discipline, is the traditions of the past and 
the class spirit—better sometimes called fool spirit— 
that is made supreme even though it war against the 
best judgment and impulses of the better class of stu- 
dents. There is a thought that a college without a 
certain quantum of student deviltry is a back number. 
Fathers recount to sons, and uncles to nephews, the 
college diabolism in which they engaged in their 
student days, and young America is led more than to 
emulate their example when he enters upon his college 
career. The highest ideal of college life that can be 
held up to students by conscientious instructors fails of 
good effect under such conditions. 

What is inaptly termed “class spirit” is a mis- 
chievous power that often reduces well-disposed stu- 
dents to a condition of slavery, their better sense all 
the time protesting against their thraldom. My class, 
right or wrong! is the shibboleth of every little noisy, 
turbulent clique of students, the reason for whose pres- 
ence in college halls is beyond finding out. The influ- 
ence of a few bold, active spirits in directing student 
thought and activity is known to all having experience 
in college administration. 

There are too many student organizations connected 
with modern college life, and the tendency to multiply 
them is all too apparent. Herein are sown most of the 
seeds that later germinate into student escapades, col- 
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lege rowdyisin, and a senseless opposition to constituted 
authority. It has been said that a council of war varely - 
results in a decision to fight a battle; a council of stu- 
dents, in the shape of a class meeting, is more than 
likely to bring on disturbances that can only be quelled 
by the wisest faculty action. 

The land-grant institutions have been remarkably 
free from student outbreaks, manifestations of college 
spirit as they have been styled. The reason is to be 
found in such an ordering of college work as to keep 
students wholesomely employed. Then, until lately, the 
traditions of the old-time classical institutions had been 
a sealed book to students seeking an education in the 
land-grant colleges. The leaven of unrest, of impatience 
under salutary restraint, is working wpwards, from the 
ranks of the idlers and dudes found in the elder institu- 
tions of learning, into the student bodies of our scien- 
tific and technical schools, as it has already worked 
downwards into higher grades of the public schools with 
pernicious result. 

Self-activity, self-restraint, and _ self-direction—all 
are terms freighted with meaning. Good conduct in the 
presence of a constable or policeman is politic, to say 
the least, but it does not indicate one’s habitual disposi- 
tion to keep in the right path. The true test comes 
when good resolutions are sorely beset by covert or open 
assaults of wrong. Every influence at our command 
should be wisely employed in making worthy and exem- 
plary men and women of our students. There is much 
of foolery connected with college life that could be easily 
suppressed by timely faculty or executive action. A 
single instance will illustrate. Junior “class-day” is the 
occasion of exercises that are, in the main, subversive of 
good discipline and pregnant with malicious mischief. 
Make the exercises of this day conform to propriety and 
decency or.prohibit them altogether. Class publications 
are of the same ilk as the class-day exercises. The game 
secured by firing these explosives is not worth the pow- 
der burned. A writer in a recent issue of one of our 
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educational papers pertinently says: “Year after year 
there come to us from the colleges the annuals got out 
by the junior class, representing an enormous expense 
resulting in what seems to us very little product, and an 
unbounded attempt at wit resulting in what seems to us 
usually vulgarity, and always rankling unkindness. 
“ * * We believe there is something wrong in a col- 
lege course which brings its young men and women to 
believe that these grinds are permissible.” 

A common-sense, not a military, discipline is what 
is needed in our colleges. Respect for law, obedience to 
rightful authority, is not the characteristic of a slave, 
as some college students seem to believe, but indicative 
of elements of character worthy of a true freeman, for 
“he is a freeman whom the truth makes free and all are 
slaves besides.” Home and school training count for 
much in the right or wrong preparation for college en- 
vironment. Hereditary traits, also, can not be elimi- 
nated wholly from the equation of college life. There is 
consolation to instructors in the thought, expressed by 
an able man, that “you can not by any scheme of educa- 
tion make anything of anyone and obliterate all trace of 
the natural character.” 

Abundant evidence is at hand to show the need of 
speedy and circumspect faculty action in putting whole- 
some restrain on student lawlessness. The press of the 
day is full of half-approving reports of the senseless 
pranks of college students. Recently, there came to my 
office a copy of The Courier, published in Geneva, New 
York, in which I read with much interest, a lengthy ac- 
count of the dedication of a number of new buildings 
for the use of the New York Agricultural Experiment 
Station. The front page of the paper fairly overflows 
with reports of the idiotic doings of Geneva school boys 
and the wasted energy to be given by the students of 
Hobart College to a cane rush and football games. Not 
a word about the scholastic work of school or college 
can be found in these reports which appear in three sep- 
arate columns of the page. That college work of any 
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desirable kind can thrive under such conditions is not 
in evidence. The air that is most popular with most 
students just now, and which indicates the direction of 
most student activity, is, “There’l] be a Hot Time in the 
Old Town To-night.” 


COLLEGE ATHLETICS. 


From what I have said under the head of “College 
Discipline,” it will not be difficult to forestall much that 
I shall say, and might say, upon this subject. 

Against the proper physical culture of college stu- 
dents, I have. nothing to say. Most field sports are of 
value, if not pushed to an extreme. The manifest ten- 
dency, however, is to overdo matters and push athletics 
into the realms of professional sport. Possibly, I favor 
as strongly as any one the physical development of the 
race. A sound body is the proper receptacle for a sound 
mind. Emerson. says that health is the best wealth. 
There is something of truth in the saying that the first 
thing one should do is to try to be a good animal. 

The late war with Spain showed us the need of 
soldiers trained to great physical activity and inured to 
hardship. It also showed a need of discipline and an 
obedience to orders not the outcome of “football ethics.” 
The swaggering air of ill-judged independence, so char- 
acteristic of some of our people went with our recruits 
to camp and battle-field. Undisciplined soldiers with 
false ideas of personal independence have brought brawl, 
riot, and bloodshed into some of our military camps. 

It is discouraging to see our youth who, under our 
educational policy, enjoy exceptional opportunities for 
wisely fitting themselves for usefulness and honor here- 
after, waste their time, fritter away their parents’ 
money, weaken their moral growth, and suppress the 
promptings of their better nature in demoralizing sports, 
unmanly behavior, open-mouthed defiance of authority, 
and aping the swaggering habits of toughs and roughs. 
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In every student body, there are restless, lawless 
spirits, having the quality of leadership, who act as fire- 
brands to inflame all the idle, vicious propensities of 
their fellows. Their presence in college halls is not for 
the purpose of acquiring scholastic training but to find 
a field for the play of their sporting tastes. The demor- 
alizing influence they exert upon their companions is 
scarcely to be measured. They organize the forces un- 
friendly to studious habits; they stand in the forefront 
of all student escapades that bring just reproach upon 
our institutions of learning; they stamp the impress of 
their lawlessness upon the exercises of the athletic asso- 
ciation; and there is never a revolt against decorum and 
decency with which they are not prominently associated. 

The close observer of college life is ferced to the 
conviction that the athletic association of every insti: 
tution is its storm center. Many worthy students have 
membership in this organization, but their influence in 
its management is not very marked. The ostensible pur- 
pose of the association—the physical well-being of its 
members—is commendable. Most college students, par- 
ticularly under the old-time idea of college instruction, 
need some kind of physical exercise to break the monot- 
ony of study hours and recitation periods. The value 
of the exercises of the gymnasium will not be dimin- 
ished by the elimination of the danger element. 

The last football season left a record of five deaths, 
thirty-three serious injuries, and minor accidents almost 
beyond computation. A newspaper writer, very friendly 
to the game, says, “The football season just closed 
shows more deaths and more serious accidents than any 
season in the history of the game.” To weaken just con- 
demnation of a game attended with such a number of 
casualties, the writer asserts that 25,000 players partici- 
pated in the games during the season. Loss of life and 
permanent injury to body are bad enough, but they dis- 
close but imperfectly the train of ills led by the “great 
game,” as it is called. 
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I think that no one can make it clear that college 
athletics, as understood at present, secure any desirable 
development, physically, of those who take part in them. 
On the contrary, the strain they put upon the physical 
energy of the participants is so severe, at times, as to 
leave the bodily organism permanently impaired. Cases 
are not infrequent where football contests, on the “grid- 
iron,” have resulted in broken bones, over-strained mus- 
cles, and incurable bodily injuries. 

Athletic contests are generally time-wasting, dan- 
gerous to life and limb, promotive of lawlessness, sug- 
gestive of brutality, and enervative of correct moral 
sense. If there is good in them it is deeply buried under 
the avalanche of bad. To say that good people give them 
a word of approval and countenance them by becoming 
their onlookers, is not to say that every rowdy, brutal, 
immoral, and idle element among the people does not 
find in them a source of keen, relishing enjoyment— 
something strongly appealing to that sense of pleasure 
to which alone their sensibilities are open. 

The necessity for bodily exercise, training of the 
whole physical being systematically and regularly, has 
been admitted. The youth has animal exuberance that 
needs outlet. The direction of this virile force is of the 
utmost importance. The manner of its exercise must 
not bring undue physical exhaustion or any weakening 
of moral fiber. The country boy on the farm has about 
him the means of gaining bodily strength without any 
loss of intellectual energy or moral power. Work is an 
old-fashioned way of developing strength of limb and 
muscle. 

There is a happy mean somewhere and college wis- 
dom should seek to find it. The technical school, which 
has a scheme of instruction in which strength of mind 
and vigor of body come in daily contact, is one that 
promises some solution of the question that is prominent 
in educational circles—the education of the young from 
all sides. Open-air work, shop work, laboratory practice, 
engineering field work, and, above all, the military drill 
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with its strong, quick, graceful, and well-executed move- 
ments give the students fresh from scholastic work just 
what their physical nature craves and what will be of 
most service in its right development. 

It would be well were our news reporters, instead 
of writing up the senseless and immoral pranks of col- 
lege students in flippant style, as though right princi- 
ples and public morals were not concerned in what tran- 
spires in school and college, to set forth in earnest words 
the lack of manliness and honor evinced by such repre- 
hensible conduct. This course is: rarely followed; and 
the failure of sharp newspaper rebuke encourages stu- 
dents of light brain power or those afflicted with “fatty 
degeneration of the conscience” to imagine that their 
foolish acts are the open sesame to public approval. 

It is discouraging to the student of studicus habits 
and earnest purpose, to see his idle, improvident, and 
lawless fellows lionized in newspaper paragraphs or pic- 
tured for the public eye, while his patient scholarly ef- 
forts whose success promises so much to his country, 
appear unworthy of casual mention. Some of the news- 
paper pictures of notable football worthies would prove 
a striking and an appropriate addition to the rogue’s 
gallery. The young, unthinking and inexperienced in 
the just demands that society will make upon them, are 
prone to court this newspaper notoriety, seeing in it, 
under the flashy coloring in which it appears, the avenue 
to the attention and Godspeed of the public. 

The football coach, is, in the false light reflected 
from college halls seen in gigantic proportions beside 
the gentlemanly, scholarly student who takes the high- 
est honor of his class. 

There will be a public awakening on this subject 
ere long; and the result will be the kindly, yet firm, 
repression of the objectionable features now connected 
with college athletics and an insistence, on the part of 
the college officials, that the young people under their 
direction give more wholesome and undivided attention 
to their legitimate educational work. Hazing, cane- 
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rushes, oratorical contests of shouts and yells, hand-to- 
hand conflicts between members of rival classes will be 
things forgotten or remembered but to flush the cheek 
with shame that they ever occurred. 


MILITARY INSTRUCTION IN LAND-GRANT COLLEGES. 


ARMY SERVICE OF COLORADO AGRICULTURAL 
COLLEGE STUDENTS IN THE WAR WITH SPAIN. 


My approval of the military drill is as hearty as my 
disapproval of football, as played, is sincere. The mili- 
tary drill would be desirable, because beneficial, were 
wars and rumors of wars to cease. I know of no physi- 
cal culture, outside of a well-ordered gymnasium, that 
is comparable with that of the drill exercise. On the 
drill ground, rather than on the “gridiron,” can be found 
a place for “the cultivation and attainment of the bet- 
ter qualities of personal character such, for example, as 
courage, obedience, endurance, and regard for personal 
honor.” . 

An oft-quoted paragraph of the first “Morrill Bill” 
contains one provision that makes it obligatory upon the 
authorities of the land-grant colleges to provide for in- 
struction in military science. An amended act of Con- 
gress gives the President of the United States power to 
detail an officer of the Army or Navy to act as professor 
of military science in certain educational institutions 
having capacity to educate at the same time not less 
than one hundred and fifty male students. The number 
of officers thus detailed must not exceed one hundred 
and ten and the land-grant colleges are first to be recog- 
nized in making the details. 

Prior to the war with Spain all the institutions 
given priority of details, as far as I know, had military 
exercises supervised by an officer of the Army or Navy. 
On the declaration of war, this officer was ordered to 
return to the service of the Government. * At present 
I know not the status of the military work at the in- 
stitutions affected by the order of recall but suppose 
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that it does not differ essentially from that existing in 
the institution I represent. The opening of the present 
college-year found two hundred and fifty male students, 
many wholly unfamiliar with any kind of military exer- 
cise, on our college grounds, and, in their organization 
into companies, I had no cadets of higher rank than ser- 
geant available for service. 

Lieut. Warren H. Cowles, 16th Infantry, was the 
first officer detailed by the President for service in The 
State Agricultural College of Colorado. Lieut. Vasa E. 
Stolbrand, formerly of the United States Army, preceded 
Lieut. Cowles as military instructor. Lieut. Cowles was 
succeeded by Capt. John C. Dent, 20th Infantry; he in 
turn by Lieut. Harry D. Humphrey, 20th Infantry, and 
upon the expiration of Lieut. Humphrey’s deiail, in the 
summer of 1897, Lieut. William C. Davis, 5th Artillery, 
became the professor of military science and tactics at 
the College. When war against Spain was declared, 
Lieut. Davis was ordered to rejoin his regiment, since 
which time the College Cadets have maintained their or- 
ganization without the aid of an officer detailed from 
the Army. 

Recently a circular letter, prepared by the Inspec- 
tor General of the Army, was sent out, in which request 
was made for statistical information regarding the mili- 
tary service rendered by students and ex-students, of in- 
stitutions whence officers had been recalled, in the war 
with Spain. If conditions generally were such as the 
Colorado cadets had to face, the history of the services 
of the students of the land-grant colleges in that war 
would be like the famous account of the snakes of Ire- 
land—‘“There are no snakes in Ireland.” 

A portion of the circular referred to reads as fol- 
lows: 

“In order to determine the practical results of military in- 
struction at the civil institutions of learning and with a view to 


further stimulate the military work conducted at these institu- 
tions, kindly fill up the inclosed blank forms and return one to 


this’ office.” 
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“It ig desirable that the information requested be given as 
fully as possible; and any further information or remarks upon 
the subject will be thankfully received.” 


The blanks referred to contain a series of ten ques- 
tions designed to bring out full information regarding 
the military service of students and ex-students of the 
College in the late war with Spain. 

As a matter worthy of more than a passing interest, 
I give, herewith, the full text of my reply to the circular 
letter. 


To the Inspector General, United States Army, Washington, D. C. 


Sir:—I have before me the blank forms whereon you request 
me to furnish statistical information regarding the military serv- 
ice rendered by students and ex-students of The State Agricul- 
tural College of Colorado in the late war with Spain. I have 
knowledge of four graduates and seventeen undergraduates and 
ex-students who were in the army after the war before named 
began. Herewith I give their names, and present rank and loca- 
tion as fully as information at present available will permit: 


GRADUATES. 
1. Archie Jesse Harris, (Fort Collins, Colo.) 2nd Lieu- 
tenant, 2nd Infantry, U. S. A., now at Montauk Point, 
New York. This enlistment was a result of the ac- 
tion of the War Department whereby students of 
meritorious standing in military service in certain 
institutions of learning were made eligible to a com- 
mission in the Regular Army. 
Edgar Avery Mead, (Greeley, Colo.) Sergeant Co. D, 
1st Regiment, Colorado Volunteers, now at Manila. 
3. Richard Appleton Maxfield, (Rifle, Colo.) Sergeant Co. 
I, 2nd Regiment, U. S. Volunteers, Engineer Corps, 
now at Honolulu. 
4. Grafton St. Clair Norman, (Hamilton, Ohio) 2nd Lieu- 
tenant Co. K, 8th Infantry, U. S. A., now at Fort 
Thomas, Newport, Kentucky. 


UNDERGRADUATES AND EX-STUDENTS. 
rank D. DeVotie, (Greeley, Colo.) Sergeant Co. D, 
ist Regiment, Colorado Volunteers, now at Manila. 
Neil Carmichael Sullivan, Jr., (Longmont, Colo.) Ser- 
geant Co. H, Ist Regiment, Colorado Volunteers, died 
at San Irancisco, California, June 4, 1898. 
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John MeMillan, (Fort Collins, Colo.) 7th Infantry, U. 
S. A., woundea at San Juan. 
William B. Sexton, (Fort Collins, Colo.) Go. G, 20th 
IKKansas Volunteers, Engineer Corps, now at San 
Francisco, California. 
James Pullar, (Fort Collins, Colo.) Co. G, 8th Infantry, 
U. S. A., service at Santiago; three year term just 
expired. 
Simon Moses Marks, (Buena Vista, Colo.) Co. F, ist 
Regiment, Colorado Volunteers, now at Manila. 
Joseph Clinton Holtschneider, (Buena Vista, Colo.) Co. 
A, 20th Infantry, U. S. A., was at Santiago; is now 
at home on furlough for sickness. 
Francis Virgil Leroy McCandless, (Florence, Colo.) 
Corporal Co. A, 1st Regiment, Colorado Volunteers, 
now at Manila. 
Perry Hjalmer Nyberg, (Pueblo, Colo.) Sergeant Co. 
A, 1st Regiment, Colorado Volunteers, now at Manila. 
Robert James Potter, (Gunnison, Colo.) Co. F, 1st 
Regiment, Vermont Volunteers, at present at home 
on furlough. 
John Thomas Richards, (Hrie, Colo.) Co. F, 1st Regi- 
ment, Colorado Volunteers, now at Manila. 
Benton Sylvester, (Berthoud, Colo.) 2nd U. S. Volun- 
teers, Engineer Corps, now 2t Honolulu. 
George Washington Springer, (New Windsor, Colo.) 
Co. D, Ist Regiment, Colorado Volunteers, now at 
Manila. 
Everett Washburn Taylor, (ort Collins, Colo.) Cor- 
poral Co. G, Ist Battalion, Wyoming Volunteers, now 
at Manila. 
Fred Montgomery Westlake, (Florence, Colo.) Lieu- 
tenant 2nd U. 8S. Volunteer Engineer Corps, now at 
Honolulu. 
Guy Surinus Hooper, (Greeley, Colo.) 2nd U. 8. Volun- 
teer Engineer Corps, now at Honolulu. 
Henry E. Voegeli, (Cincinnati, Ohio) 1st Hlinois Infan- 
try, U. S. Volunteers, service at Santiago; now on fur- 
lough, Chicago, Il. 
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Doubtless there are other ex-students who are enrolled in 
some branch of the army service, but information at hand does 


not give their names or location. 


This may not be regarded as a 


creditable showing for an institution in which compulsory mili- 


70 TWENTIBTH ANNUAL REPORT 


tary drill, under an army officer detailed by the War Department 
of the Government, is required of two hundred and fifty students 
each day of the college-year. The military drill is an important 
feature of the work of the land-grant college as outlined by Con- 
gressional acts. 

The detail of an army officer to fill the post of professor of 
military science and tactics in such an institution must be ac- 
cepted as evidence of the importance of the military department 
therein as seen from the standpoint of the authorities at Wash- 
ington. The military instruction and drill to which college stu- 
dents are subjected, under present regulations, are not designed, 
primarily, to foster a warlike spirit, but to afford a wholesome 
exercise whereby the bodily vigor of the student will be stimu- 
lated and conserved. The drill, as conducted, offers the young 
men of our educational, institutions the best possible athletic exer- 
cise under conditions favorable to physical upbuilding and sug- 
gestive of permanent health. The thought of possible service in 
the fighting force of the Nation is not absent, but it is not the 
thought uppermost in the minds of those who conduct, or engage 
in, the military drill under normal conditions. When the blast 
of war blows in our ears, then it is natural to look to the young 
men trained in military science and tactics for loyal, patriotic, 
efficient service in the armies of the Republic. That such service 
was not proffered in larger measure by the students and ex-stu- 
dents of our institution is due to no lack of patriotism or courage 
on their part. These young people, without exception, are in- 
tensely loyal to their Government and under proper conditions 
would be among the first to respond to their country’s call in time 
of war. 

I regret to say that these conditions have not existed and do 
not now exist. At the first call to arms, Lieut. William C. Davis 
was ordered to return to his regiment and the College Battalion 
was left without an organizing and a directing head. This was 
not a move calculated to awaken and stimulate the military ardor 
of the two hundred and fifty cadets forming the three com- 
panies of the Battalion. The boys felt, perhaps without due con- 
sideration of all the conditions, that the Government had but 
little interest in the military work they had done, and were doing, 
and less call for any service they might feel prompted to offer. 
Some of them could look back upon five years of faithful service 
as members of the College Battalion, and at a critical juncture 
that organization had been practically ignored by the Govern- 
ment. If the late war, although making no great draft upon the 
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military resources of the country by reason of its short dura- 
tion and the second-rate war power of the nation with which 
we were contending, shall better instruct those in authority, with 
us, how to utilize the military energy and enthusiasm of students 
whose college course requires attention to military study and the 
varied exercises of the drill, it will bring about a condition in our 
college life greatly to be desired. Under the new regime the 
officers of the War Department will have fuii power and ample 
means to put military instructions in our higher institutions of 
learning on a more efficient and a more enlightened basis. Then 
it will not be thought best to furnish grudgingly, and under use- 
less and annoyiug restrictions, the various battalions of college 
cadets with out-of-date arms and equipments. The field pieces 
that lumber up our drill room or, when laboriously dragged upon 
the campus, excite the open-eyed wonder of small boys, will be 
retired from service and replaced with something less suggestive 
of Revolutionary days. Few of our cadets have ever seen, much 
less handled, a Krag-Jorgensen rifle. 

The attitude of the War Department toward the college 
military drill is now one of “masterly inactivity,” in which “how- 
not-to-do-it” is made conspicuously prominent. I have written 
two letters to the Department requesting information as to when 
io expect the detail of some officer to organize and direct our 
military work and have received nothing definite in reply. I have 
been forced to reorganize our military department with the high- 
est officers available for help ranking as first sergeant. There are 
many retired officers efficiently serviceable for such work as is 
performed by a professor of military science and tactics in an 
educational institution, but I am not advised that any official 
attempt has been made to put them in charge of it. A letter 
from the Adjutant General’s Office, of recent date, suggests 
that possibly the services of a retired officer could be secured 
by advertisement in the Army and Navy Journal, New York 
City, and the Army and Navy Register, Washington, D. C. 

I have received information from a source somewhat dis- 
tant from the War Department offices, that “no details whatever 
will be made till after the report of the Peace Commissioners.” 
It is thought possible that this report may see the light of day 
about October 15. How doth hope deferred make the heart sick! 
The same mail that carried me that promise, whose fulfillment will 
doubtless project itself well into the future, brought your request 
for statistical information that will show the service rendered their 
country in time of war by our students and ex-students. A stream 
is not likely, by natural means, to rise above its source. I fear it will 
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be next to impossible to imbue our cadets with much of patriotic 
war spirit when so little concern for their growth in military 
experience and knowledge is shown by those to whom they look, 
with some right, for encouragement and help. I shall welcome 
the day when the military departments of our educational institu- 
tions are made highly efficient by reason of the hearty support 
and intelligent supervision they receive from the authorities con- 
nected with the War Department. Give the cadets every facility 
in the way of instruction and equipment that military experience 
can suggest and they will not be without military ardor or the 
power and will to give their country prompt and effiective service 
in her time of need. ; 

The opening of the late war found our male students pre- 
pared and eager for military service, but deprived of the com- 
mander who had brought their organization to a high state of 
efficiency. The Government seemingly had no call for their 
service as an organization or as a picked part of an organization. 
The only way open to our students, in their wish to serve their 
country, was in the complete disbandment of the organization 
to which some of them bad belonged all through their college 
life and to which they were, with just reason, most strongly at- 
tached. If they turned to the state, in some hope that they would 
receive recognition from that quarter, they were told to wait 
until the mustering in of all divisions of the National Guard was 
completed and a place misht be found for them in the ranks 
thereafter to be recruited. Meeting disappointment at every turn, 
they reluctantly gave over effort to secure recognition as a mil- 
itary organization. Those who enlisted did so on their own ac- 
count, took pot-luck so to speak, and became tail-enders in some 
company whose efficiency as a military organization was not 
comparable with that which they were forced to abandon. 

Some may say that patriotism should have prompted the 
boys to put aside the esprit de corps that so warmly attached 
them to their own organization and made them willing to pass 
down to the foot of some other one. Possibly had the exigencies 
of the Government, from the military side, been more pressing 
and urgent than they were, that course would have been uncom- 
plainingly taken by our students, but the necessity for a dis- 
bandment of their organization to swell the membership of some 
other did not seem present. The officers of our companies had 
won their way to the front rank among their fellows by years of 
careful attention to, and pride in, the military drill. They were 
conversant with the manner and aims of military organization 
and were able to render what may not inaptly be called expert 
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Service. Throw them out of their battalion organization and 
their military advancement is lost, and they must take places as 
privates in companies officered by persons of inferior intellectual 
and military education to themselves. It takes a strong patriotic 
force to push one out of a well-earned position of command into 
ranks filled up chiefly with men but little more than raw recruits. 
The graduate of a college who has won with honor and credit 
the epaulets of a commissioned officer may well be pardoned 
for showing some reluctance to entering upon a military life as 
“high private.” 

Had there been place for an organized body of our students 
in the line of troops, that place would have been occupied had 
it been pushed well up towards the nearest point of hardship and 
danger. It was not possible for the Agricultural College Cadets 
to break into the Army by all the push, personal, political, and 
official, they could summon to their aid. The recital of these 
facts shows why the College, with a large body of students and 
ex-students ayailable for efficient service in the Army, can re- 
port but twenty-one representatives as placed where military 
service in their country’s behalf can be rendered. 

In connection with what I have written, I feel disposed 
warmly to commend that heading in the annual report of the Mil- 
itary Department of the College under which is given the names 
of three cadets of the graduating class who have shown the 
most proficiency in the military work. Following this, the recent 
action of the War Department in giving some thus selected for 
complimentary mention a chance to show fitness for a commis- 
sion in the Regular Army, can not but be productive of good 
result. Now that a permanent increase in our national military 
force is almost an assured fact, would it not be well to make 
the selection of a few college cadets, of approved scholarship and 
proficiency in the military exercises, for suitable positions in the 
Regular Army a settled policy? Such recognition of deserving 
cadets, with the desire to follow the life of a soldier, would give 
an impetus almost beyond measure to interest in every phase of 
college military instruction. I can not but think that the army 
organization would be rendered more efficient by such an infusion 
of young virile force. There are some of our people who profess 
to see in the increase of our standing army a menace to personal 
rights and free institutions. This feeling will be materially 
weakened if people see important posts in that army filled by 
their sons and their neighbors’ sons who have been educated 
in their home institutions of learning. 
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I wish not to widen the gap that now exists between the 
military organizations in our educational institutions and those 
whose movements are under the immediate direction of the War 
Department of the Government. On the contrary, I earnestly 
desire to see the existence of a closer bond of union between 
them. I would force no graduate or undergraduate into the 
Army. <A craze to enter the Army in ordinary times, would in- 
dicate an abnormal, an unhealthy state of student life. There is 
no just ground to fear that military instruction in college, even 
on a much more wide-reaching and effective plan than that to 
which we have been accustomed will engender a blood-thirsty, 
war-at-any-cost spirit among students. I would not have a 
student prepared to serve his country in war hampered in his 
desire to do so by hard conditions and red-tape regulations. The 
Government provides for the military training, more or less effec- 
tive, of a large student body. If war comes, and there is no 
opening in army ranks for these trained and scholarly young 
men, save in the lines of raw recruits, they may reasonably ques- 
tion the purpose of such prolonged and costly military training. 
There ought to be a ready place in our war forces for any well 
organized body of college cadets seeking active service and there 
ought to be no unnecessary obstacles placed in the way of their 
enlistment. 

Let us have a more thorough management of the military 
work of the colleges in which military departments exist and a 
more ready means, in the war emergencies of the Nation, of 
utilizing the product of this increased efficiency of organization. 


Respectfully yours, 
ALSTON ELLIS, 


President. 
Fort Collins, Colorado, October 3, 1898. 


When war with Spain was declared, a number of 
the college cadets, enough to form a single company, 
made tender of their service, with the single condition 
that their organization as such be accepted; but their 
effort to secure recognition was futile. That so many col- 
lege representatives found active and honorable military 
Service in the various volunteer forces of the country, is 
a testimonial to the unselfish and patriotic spirit 
prompted and strengthened by the military discipline 
and general training of the College. 
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The General Government has never given enough 
attention to the military organization at the College. 
The military authorities of Colorado have never mani- 
fested the slightest interest in it. While attempts of a 
vigorous nature have been made to organize companies 
of the National Guard in different sections of the State, 
a military organization large in numbers and suggestive 
of efficient service in war emergencies has been prac- 
tically ignored by our state military authorities. 

The neglect, to which attention is herein directed, is 
no matter of necessity; it is the outcome of choice— 
choice manifestly antagonistic to the spirit, if not the let- 
ter, of the law. © 

The three sections of the act of the General Assem- 
bly of Colorado, approved Aprii 9, 1895, read as fol- 
lows :— 


Section 1. That, for the purpose of further carrying out the 
provisions of the act of Congress approved July 2, 1862, in rela- 
tion to agricultural colleges, the military body known as the 
Agricultural College Cadets, of the Colorado Agricultural Col- 
lege, is hereby organized as an auxiliary branch of the Colorado 
National Guard, placed upon the same footing as regards arms, 
ammunition, clothing, camp and garrison equipage as the Colo- 
rado National Guard. 

Section 2. That the proper officers of said Colorado National 
Guard are hereby authorized and directed to honor the requisi- 
tions of the commanding officer of said Agricultural College 
Cadets, under such rules and regulations as may hereafter be 
prescribed by the State Military Board and the State Board of 
Agriculture, when countersigned by the President of said col- 
lege, for ten rounds of ammunition per year for each member of 
said military body, and for such camp and garrison equipage as 
may be necessary for the proper instruction of said body in all 
that pertains to the practical duties of soldiers in camp. 

Section 3. The Cadets of the State Agricultural College 
shall be attached to the Colorado National Guard, under such 
rules and regulations as may hereafter be prescribed by the State 
Military Board and the State Board of Agriculture. 


If this law is not intended to secure an intimate con- 
nection between the College Cadets and the National 
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Guard of the State, the reasons for its enactment are 
not readily apparent. It is desirable that early action to 
make effective the provisions of the law quoted be taken. 
A step in the right direction would be the issuing, under 
state authority; of commissions to the commissioned 
officers of the College Battalion. Then, such inspection 
of the military work of this organization, by the proper 
officers of the Colorado National Guard, as would show 
interest in its existence and approval of its purpose, 
should be provided for. 

A larger regular army, for the wide-reaching service 
that lies just before the United States, is now recognized 
as a necessity. Competent military authorities maintain 
that the great need in army circles will be an increased 
body of well-trained, scholarly, serviceable officers. The 
General Government can widen the work of the National 
Military Academy and, in time, supply the Army with 
the required number of trained officers, or it can estab- 
lish new military schools and thus bring about the same 
result; but both plans suggest great expense and are 
wholly unnecessary. By the endowment of the land- 
grant colleges, by requiring instruction in military sci- 
ence and tactics to form a part of their work, and by the 
detail of army and navy officers as instructors in them, 
the Government has placed thousands of its able-bodied 
young men—picked men as to native and acquired abil- 
ity—in a position to receive that military and scholastic 
training that makes the best equipment of an army offi- 
cer. In every college, in any way subject to the control 
of the Government, there are a number of lusty, ener- 
getic, patriotic, and intellectually-trained young men 
who have an enthusiastic desire for a military life. This 
desire on their part is not unnatural, merits no strong re- 
pression or stern rebuke from any quarter. All over the 
country aspiring young men are seeking, with avidity, 
cadetships at West Point and Annapolis and, in their 
efforts for such appointments, are receiving the active 
support of their friends and the hearty approval of the 
public. The conditions about the land-grant college are 
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such that the right preparation each year of a limited 
number of students for commissions in the regular army 
would bring nothing in the way of extra effort or ex- 
pense to the institution. The colleges of the United 
States to which military officers are now detailed, as in- 
structors, can, annually, direct towards the permanent 
military organization of the country several hundred 
young men worthy to hold rank as commissioned officers, 
and that, too, without additional drafts upon either 
state or national treasury. Were the annual selection 
of two or three college cadets, of strong inclination and 
special aptness for military life, as commissioned officers 
in the Regular Army, made an assured fact by action of 
the Government, a strong impulse would be given to 
every phase of our military work. Thus would the mili- 
tary needs of the Army, in the way of well-equipped offi- 
cers, be easily, inexpensively, and effectually met. 


FUNCTIONS OF THE LAND-GRANT COLLEGE. 


I purpose under three heads, of which the one found 
above is the first, to give an exposition, as full as may be 
presented in the limits of such a report as this, of what 
a land-grant college is and the kind of educational work 
it can legitimately undertake. 

It would seem, at first view, that there ought to be 
no difficulty in rightly interpreting the provisions of the 
Congressional acts of 1862 and 1890. The first includes 
eight sections and the second, five—none of great length. 
Look at the names of the institutions that are bene- 
ficiaries under said acts, and the conviction is forced 
upon you that those who control them are far from hay- 
ing a common understanding of the amount and charac- 
ter of the educational work for the promotion of which 
the “Morrill Bills” were framed. The author of those 
measures has been called upon time and again for an 
expression of his purpose in their preparation. He has 
uniformly asserted that the acts were designed to meet 
the educational requirements of the millions engaged in 
industrial pursuits. He has affirmed that the term 
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“A oricultural College” as applied to the institutions, es- 
tablished under the acts of Congress before referred to, 
is a misnomer and not suggestive of the liberal education 
of the industrial classes. 

The name “College of Agriculture and Mechanic 
Arts” comes nearer to expressing the purpose of the 
“Morrill Bills,” as far as that purpose can be determined 
from their wording, than does the term to which Senator 
Morrill so strongly objects. 

There are some points that, to me, seem clearly es- 
tablished. Congressional legislation never contemplated 
any general duplication of existing institutions. No one 
can find in any part of the “Morrill Bills” any authority 
for the establishment and support of schools exclusively 
for “agriculture” or the “mechanic arts.” No narrow, 
one-sided, technical school is authorized anywhere in 
the bills to which reference has been made. The teach- 
ing of trades, the forcing to farm labor, and the neglect 
of the cultural in education can find no authorization in 
the broad and liberal provisions of these enlightened 
measures. 

Jt is unfortunate, in many ways, that the name 
“Agricultural College” has been fastened upon so many 
of the institutions partly endowed by acts of Congress. 
It may be doubted whether the appellation “Land-Grant 
College” suggests anything of the nature of the educa- 
tional work of these institutions. As long as they are 
called “Agricultural Colleges,” “Agricultural and Me- 
chanical Colleges,” “Industrial Universities,” and names 
equally significant, it is reasonable to expect the general 
public to have erroneous ideas of their legitimate work 
and aims. What more natural than to expect and require 
an agricultural school to teach agriculture, and but little 
else? If an industrial university is not to teach all the 
trades—prepare for all the vocations in which physical 
energy is employed—people are led to say “what’s in a 
name”? The people who have to deal with an “A gricul- 
tural College” are not wholly to blame for the persist- 
ence with which they hold to the opinion that its mis- 


THE STATE BOARD OF AGRICULTURE. 79 


sion, in the educational world, is to give that practical 
training that will best fit one to become a farmer or a 
mechanic. In many cases appeal has been made to law- 
making bodies for financial support with arguments 
tending rather to strengthen than to weaken this narrow 
and illiberal view. 

The common opinion of what a college founded “for 
the benefit of agriculture and the mechanic arts” should 
do is expressed in the questions that come from some 
selfnamed practical man who professes to believe that 
the less education one has the better fitted he is for labor 
on the farm or in the shop. 

The head of an agricultural college is asked how 
many farmers’ sons seek his institution for educational 
advantages and how many of these, after a period of col- 
lege training, return to the farm? A few quotations 
from a reply I once wrote to a series of such questions 
may find an appropriate place in this connection. 


“The writer of the queries forgets, seemingly, as many oth- 
ers forget, that the land-grant institutions are not exclusively 
agricultural schools, although some of them are operated under 
the title, ‘Agricultural Coliege.’ It is well to keep in mind the 
scope of the Congressional act of 1862, under whose wise and lib- 
eral provisions more than sixty scientific and technical schools, 
‘to promote the liberal and practical education of the industrial 
classes in the several pursuits and professions of life,’ have been 
established.” 

“In no part of the various provisions found in the Congres- 
sional acts of 1862 and 1890, better known as the ‘Morrill Bills,’ 
ean the word ‘agriculture’ be found out of immediate connection 
with the terms ‘mechanic arts. The just conclusion is that the 
so-called land-grant college is as much an institution for promot- 
ing education in the mechanic arts as in agriculture. A clear 
understanding of this fact will weaken the force of much criti- 
cism upon the work and the products thereof, of the land-grant 
colleges. All these institutions of learning—they are such, not 
merely little, narrow, ove-sided schools of agriculture resting 
upon a shallow scientific foundation—have, or ought to have, un- 
der the requirements of the Congressional acts, courses of study 
making adequate provision for instruction in ‘agriculture and the 
mechanic arts’ and such branches of learning, including the clas- 
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sics, as are related thereto, and properly suggesting a ‘liberal and 
practical education.’ ” 

“T have not a wide range of statistics at hand to support 
my opinion that the work of the agricultural college is becoming 
a strong force to popularize and make more remunerative all 
phases of labor connected with farm life.” 

“There are strong influences tending to counteract this good 
work, and these influences are thrust through college doors into 
college halls by farmers themselves. Only yesterday, a farmer of 
more than average thrift and intelligence, brought his seventeen- 
year-old boy to my office to arrange for his admission to college. 
In the boy’s presence he stated that his purpose to have him enjoy 
the advantages of the institution was born of a desire to have 
him get a living by some easier, surer, and swifter process than 
farming. Are there not many such farmers in the land? I ven- 
ture to say that the larger number of farm people who send their 
sons and daughters to the agricultural colleges do so in the hope 
of freeing them from the necessity of the slave life of labor, as 
they call it, through which they passed to the creature comforts 
they now enjoy. These comforts are too plain, too every-day, 
and too little suggestive of social dissipation to satisfy wants that 
have grown abnormal under the promptings of the restless, un- 
easy, dissatisfied spirit all too common among our people. Then, 
too, people want to get rich fast and are not always choice as to 
methods. No wonder that under such home influence the boy 
grows into the belief that an education worth having should 
bring its owner the maximum of pay with a minimum of effort.” 

“The college in which science is taught practically, where 
technical work is wisely planned and made an every-day exer- 
cise, is doing more to make toil respected than the farm home 
presided over by parents who teach their children to look upon 
an education as the ‘open sesame’ to a life in which the work 
grows lighter as the pay becomes greater.” 

“ven the graduate from the agricultural course of a col- 
lege is not always to be blamed for not throwing himself with 
spirit into the usual current of farm life. There may be no farm 
to which he can profitably return. That of his father, it may be, 
is under full tribute to support the stay-at-homes. The son with 
a college training, costing some years of effort and a snug sum of 
money, naturally rebels against entering into the labor and com- 
pensation of the average farm hand of the push-and-pull, fetch- 
and-carry order. If the possessor of a college diploma can direct, 
with advantage to all concerned, the operations of an extensive 
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irrigation system, why ask him to pull on a pair of irrigating 
boots and irrigate the crops on some land-owner’s farm at $25 
per month and board? If an education fits one to earn $100 per 
month, why find cause for criticism because he is unwilling to 
engage in a more uncongenial labor for much less pay? What 
kind of service from the agricultural college graduate is it reason- 
able to demand? The one capable of directing aright the labor 
energy of a number of employés, in any branch of productive in- 
dustry, is giving better service than he could render under the 
condition of the average laborer.” 

“It is too soon to declare without qualification the success 
or failure of the agricultural college in industrial fields, be they 
urban or rural. Some of the operations of this new educational 
ageney are in a tentative state and further data are needed before 
safe conclusions are reached. I believe it is true that most educa- 
tional agencies outside of the land-grant colleges and technical 
schools have little thought about the farmer and the ueeds of his 
children as the farm people of the future. The traditions of the 
old-time college, with its classical course and exaggerated ideas 
of the value of a professional life, are against any mode of secur- 
ing a livelihood outside of an office. There is hope for better 
things under the new educational regime which recognizes the 
dignity of manual labor and professes to fit for it by special 
scientific and technical training. The educated man is always 
best equipped to meet the problems of life.” 


I have already expressed my belief that the institu- ~ 
tions established under the provisions of the “Morrill 
Bills” should form a distinct link in the educational 
chain. The author of the law of 1862 has said that when 
he introduced that measure into Congress, the colleges 
and universities of the country were giving an educa- 
tion designed exclusively for the so-called learned pro- 
fessions, with nothing to meet the pressing requirements 
of the members of the great working bodies of the peo- 
ple. Then, in the framing of the law with which his 
name is so honorably connected, he could not have con- 
templated an addition, in kind and method, to the very 
institutions he felt had ignored the educational needs 
of the industrial classes. The ‘Morrill Bill” of 1862 was 
not designed so much to strengthen any existing educa- 
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tional institutions as to found, and to provide an en- 
dowment for, a wholly new one—one that in its work 
and aims should pretty clearly differentiate itself from 
colleges and universities as they then existed. It may 
be admitted that there is argument for teaching almost 
anything to be found in the latter portion of section 
four of the Act of 1862. It is hard to believe, however, 
that the founding of a new college or university along 
the then established lines, or the financial strengthening 
of some institution for higher education that had “given 
little or nothing to the requirements of the millions en- 
gaged in industrial pursuits,’ was the motive that 
prompted Congress to pass that law. The trouble is 
that college men interpret the educational clause of that 
measure to support their own views or to defend the en- 
vironments wherein their professional efforts are ex- 
erted. 

When the first “Morrill Bill” became operative, 
there was hardly a state college or university in the 
country that did not make effort to secure recognition 
under its provisions. The fact that such institution, by 
reason of its lines of study and deep-seated traditions, 
was almost wholly unprepared for the new work and 
_out of all vital sympathy with it, was no hindrance to 
effort on the part of its authorities to secure its further 
endowment at the expense of the fund established for 
the “liberal education of the industrial classes.” 

It is worthy of note that the word “wniversity” no- 
where appears in either of the “Morrill Bills.” Wher- 
ever the institution to be established, or further en- 
dowed, is referred to it is termed a “college.” We recog- 
nize a clear-cut distinction between the terms, as did, 
doubtless, the author of those measures and others who 
supported them. Plainly, in my view, the “Morrill Bills” 
were designed to establish and endow new institutions 
whose aims, methods, and activities should be a wide 
departure from those then in yogue in the colleges and 
universities of the land. The new institutions, in the’r 
work, were to keep prominently in view instruction that 
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would further the advancement of agriculture and the 
mechanic arts. Other scientific and classical studies, not 
closely connected with the main end to be advanced, 
were not necessarily to be excluded from their courses 
of study, for, with all the special training for definite 
ends held of first value, the liberal culture of the stu- 
dents was considered desirable. That some associate 
anything designated liberal culture with the study and 
mastery of the classics—Greek and Latin—is a fact that 
has no vital connection with the question now under 
consideration. There are some who are just as pro- 
nouncedly of opinion that all we call culture, in the 
realms of mind and morals, is not reached by winding 
through the intricacies of Latin construction and delv- 
ing into the mysteries of Greek roots. Even some of 
the abstractions and mystifications connected with the 
study of what is rather indefinitely called, “philosophy” 
might be omitted from the course of the land-grant col- 
lege withont serious loss to the culture and training of 
its students. 

However wide and liberal, in the interpretation of 
some, may be the provisions of the first “Morrill Bill,” 
there is no mistaking the fact that pretty definite metes 
and hounds are set to the educational work of the land- 
grant college by the terms of the second. Herein it is 
expressly stated that the more complete endowment and 
support of the college for the benefit of agriculture and 
the mechanic arts shall “be applied only to instruction 
in agriculture, the mechanic arts, the English language, 
and the various branches of mathematical, physical, nat- 
ural, and economic science, with special reference to the 
industries of life.’ Evidently the thought connected 
with this language is that a liberal education for the man 
of affairs has some connection with close, student con- 
tact with the lines of study thus specifically stated. Did 
the period that spanned the dates 1862 and 1890, bring a 
revolution of opinion as to the work proper for a land- 
erant college to enter upon, or are we to regard the later 
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expression of the will of the law-making power but as 
an interpretation of what went before? 

There is a link that binds these two dates and the 
provisions of the Congressional acts connected with 
them. The act of 1887, known as the “Hatch Act,” con- 
nects a department, to be known as an “Agricultural Ex- 
periment Station” with each land-grant college, then es- 
tablished as the result of former legislation, under cer- 
tain minor conditions that state legislative power may 
impose. The evident intent of the “Hatch Act” is to 
give stronger and more practical impulse to the agri- 
cultural work of the land-grant college. 

As a result of some of the facts recited—in view of 
all the legislation of Congress bearing upon the estab- 
lishment and support of colleges for the “benefit of agri- 
culture and the mechanic arts”—a few conclusions seem 
warranted :— 

1. The state that has established one college for the 
benefit of agriculture, etc., and that wholly disconnected 
with any other educational institution, has followed 
closely in the path marked out by Congressional legis- 
lation. 

2. The course of that college, if it make prominent 
instruction in agriculture and the mechanic arts, is in 
prime accord with one of the most important provisions 
in each “Morrill Bill.” To profess to teach branches 
related to agriculture without teaching the subject it- 
self is, to me, sheer nonsense. 

3. Although special prominence should be given to 
the subjects before named, other studies designed to 
broaden and discipline the mind of the student—to fit 
him for intelligent helpfulness in affairs of society and 
state—should find a place in the course of study offered 
by such college. These studies should be such, in the 
main, as articulate most closely with those already 
named and engender a trend of thought and effort most 
in harmony with the ideas underlying the promotion of 
industrial education generally. 


THE STATE BOARD OF AGRICULTURE. 85 


4. A course in domestic science, one for a business 
department, and under-graduate or post-graduate courses 
in engineering—civil, mechanical, and electrical—are 
not out of place in the exercises scheduled for the col- 
lege. : 
5. The work of a school of mines has no intimate 
connection with that of such a college as has been re- 
ferred to; but inasmuch as its general aim is to make 
more effective an important phase, in certain sections 
of the country, of industrial life, its incorporation with 
that of the land-grant college would not be at variance 
with the general purport of existing legislation and, in 
a state where mining is one of the leading occupations 
of the people, might be strongly in the interest of econ- 
omy. 

6. Instruction in military tactics is a part of the 
prescribed work of the institution receiving financial 
support from the General Government. The land-grant 
colleges are first served in the authorized details of offi- 
cers from the Army and Navy to serve as professors of 
military science and tactics in educational institutions. 
The requirement is recognized by all the colleges af- 
fected; but there are different ways of rendering such 
requirement effective. The letter and spirit of the law 
ought to be obeyed and all able-bodied male students 
should be held rigorously to a reasonable amount of 
military service. 


STATE AND COLLEGE. 


The relation of the state to the land-grant college 
has not been a subject of much discussion in circles 
touching the work of the institution. The work of the 
college will depend almost wholly upon the manner of 
its organization under state authority and the local in- 
terpretation of the provisions of the “Morrill Bills.” 

The financial provisions of the original act have 
given some land-grant colleges a permanent endowment 
from which they now receive a large annual revenue; 
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others derive but a slender revenue from that act. State 
equality in sharing in the endowment fund created by 
the act of 1862 was not secured by reason of the fact 
that the amount of land apportioned to each state was 
determined by the number of representatives in Congress 
to which it was entitled. This worked to the disadvan- 
tage of the newer and smaller states. All states are put 
upon an equal footing, as to government financial sup- 
port, by the conditions of the act of 1890. No discrimina- 
tion against a small state is seen in the apportionment 
of the fund for the support of the experiment stations. 
Uniformity in nature and scope of the work of the 
land-grant colleges is impossible so long as the various 
state and territorial governments place their own inter- 
pretation upon the language of the Congressional acts. 
One state begins with an agricultural and mechanical 
college and Jater on converts it into a state university 
with courses of study in conformity with the new title. 
Another finds a full compliance with the acts of Con- 
gress in creating a college of agriculture in connection 
with some existing institution. Some provide one course 
of study; others a number of courses. Money for the 
support of all this varied work is taken from both gov- 
ernment college-funds, save that language instruction 
other than English is not paid for from any appropria- 
tion authorized by the Act of 1890. In many states, the 
appropriation from the state treasury for college sup- 
port exceeds that received by the institution from the 
United States treasury. The state in such cases, at 
least, can justly claim a controlling voice in the man- 
agerial policy of the institution within its borders. 
Then, it must not be forgotten, that the purpose of the 
“Morrill Bills” is not wnduly to influence action favor- 
able to the development of certain phases of higher edu- 
cation, thought desirable and serviceable, within the 
states. No state is forced to accept the bounty of the 
Government whereby the better education of the indus- 
trial classes is sought to be conserved. The people of 
this country have been taught by the logie of events to 
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look with disfavor upon any governmental policy smack- 
ing strongly of paternalism. 

The authorities who have the general supervision, in 
the name of the Government, of the funds set apart for 
the maintenance of the sixty institutions, or more, 
founded under the acts herein so frequently named have 
ever shown a disposition to recognize state control over 
them as final to the fullest extent consistent with a very 
liberal interpretation of the law. Commissioner Harris, 
of the Bureau of Education, states the guiding principle 
governing the acts of the officials referred to when he 
says, “This office has no desire to go behind the returns; 
and, except where it is evident that a misstatement has 
been made, the reports of the treasurers are accepted as 
rendered.” 

When certain lines of study are specified in the Act 
of 1862, it is at once added that the instruction shall be 
given “in such manner as the legislatures of the states 
may respectively prescribe.” It is taken for granted that 
each state will use its own legislative judgment in the 
matter of founding the college and organizing its work. 
The action of the legislature of Colorado, in making 
acceptance of the terms of the Act of 1862, in the name 
of the State, is, I believe, a type of what is best in this 
class of legislation. A portion of an act approved Janu- 
ary 27, 1879, reads as follows: 


“Whereas, The State of Colorado has constructed and pro- 
vided for the support and maintenance of an agricultural college 
within its limits * * * that in conformity with an act of Con- 
gress of the United States * * * assent is hereby given to the 
provisions of said acts and amendments thereto, and the grants 
mentioned in said act are accepted, with all previsions connected 
therewith.” 


After the passage by Congress of the Act of 1890, 
legislative action in Colorado, making full and complete 
acceptance of its conditions, was coupled with the fol- 
lowing authorization: “That the State Board of Agri- 
culture shall have the control of the fund appropriated 
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by the said act of Congress, and shall disburse the same 
for the use and benefit of the State Agricultural Col- 
lege, in accordance with the terms and provisions of said 
act of Congress.” 

These acceptances did not terminate legislative ac- 
tion relating to the management and support of the col- 
lege. A tax of one-fifth mill on the assessed valuation 
of property within the state was authorized, special ap- 
propriations for buildings were voted, and laws creating 
a governing board and, in general, defining its duties 
were enacted. In referring to Colorado, in these partic- 
ulars, I am calling attention to no isolated case. There 
is not a state in the Union that would not maintain its 
right to legislate, almost without restriction, upon mat- 
ters connected with its college “for the benefit of agri- 
culture and the mechanic arts;” and, in so doing, there 
would be no great likelihood of a misunderstanding or 
conflict with the Washington officials. 

The fact that the state is the active, right-at-hand 
agency for directing our college work, is a sufficient ex- 
planation of the different forms that work assumes and 
the diverse views sometimes entertained by college rep- 
resentatives regarding it. College men, may consider, 
discuss, and argue until they reach an agreement—were 
that possible—as to what the land-grant college should 
do and should not do, yet that agreement must find ex- 
pression in the laws of the various states before it can 
be made forceful in changing, to any great extent, col- 
lege management. Primarily, the Congressional acts 
suggest certain lines of work with more or less definite- 
ness; ultimately, legislative enactments in the states 
close the question against all but local debate. A col- 
lege preparatory school is a necessity, if the standard of 
scholarship for entrance to the college is too elementary 
in consequence of legislative action. Left to act upon 
my own judgment, J would not make admission to the 
institution with which I am connected ag easy as it is 
now. I think a pronounced vote of land-grant college 
men would favor raising the standard of scholarship all 
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along the lines of educational effort with which they 
come in touch. Most of them feel, doubtless, that their 
work suggests specialization of effort on the part of stu- 
dents too soon and that a fairly broad foundation of gen- 
eral scholarship should underlie the attempt at special- 
ized effort in every field of human activity. They may 
agree upon these things in convention, but unanimity of 
opinion among them does not change the necessity for 
obeying the law at home. “Good thoughts, though God 
accept them, yet toward men are but little better than 
good dreams unless they be put in act.” 


PURPORT OF THE CONGRESSIONAL ACTS OF 1862 AND 
1890, BETTER KNOWN AS THE “MORRILL BILLS.” 


QUOTATIONS SHOWING THE BEST INTERPRETA- 
TION PLACED UPON THE EDUCATIONAL PRO- 
VISIONS OF THOSE ENLIGHTENED MEASURES. 


It is now more than thirty-six years since the first 
bill for establishing and endowing a “college of agricul- 
ture and mechanic arts,” in the several states and ter- 
ritories of the Union, was enacted into a law by Con- 
gress. Since then more than sixty institutions of learn- 
ing have been established under the liberal provisions of 
that wise and beneficent measure. These institutions 
while having a general aim, pretty well defined, vary 
greatly in the amount and kind of work upon which stu- 
dent activity is exerted. The trend of educational effort 
in most of these institutions is towards a more liberal 
culture of students—a higher standard of scholarship 
—and a training that will later place the student in 
more helpful contact with the great and diversified in- 
dustrial interests of the country. 

The information, regarding the workings of these 
new educational agencies, most needed by the people, 
is that which will bring clearly to their minds the par- 
amount objects for the accomplishment of which these 
institutions were established and the legitimate means 
to be employed in the attainment of these aims. As an 
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interesting and instructive addition to this field of 
thought and discussion, briefly stated views of some 
eminent for service in the cause of popular education are 
herewith given. 


In speaking of the educational significance of the 
movement that resulted in the establishment and endow- 
ment of the land-grant colleges, in an address delivered 
at the Massachusetts Agricultural College in 1887, 
Charles Kendall Adams said :— 


“Tt opened the whole realm of nature as the legitimate field 
of investigation and study. Before this time the work of the 
schools and universities had been confined to developing the 
minds of the pupil and the teaching of the four learned profes- 
sions—theology, medicine, law, and pedagogy. Universities had 
been established in the twelfth, thirteenth, fourteenth, and fif- 
teenth centuries in all parts of Hurope, but in no one of them were 
studies carried on in accordance with the modern investigating 
spirit.” 


And, again, in closing his address, he makes use of 
the following language :— 


“These are some of the lessons and some of the necessities 
that are taught by experience; and yet they are only hints, as it 
were, designed to show how vast is the domain that invites the 
careful study of our schools and colleges. It is into this domain 
that the people were invited by the wise Land Grant of 1862. It 
is in this domain that the colleges and universities founded on 
that grant, if they live up to their high behest, will accomplish 


results that shall be for the helping, if not for the healing of the 
Nation.” 


Hon. Justin 8S. Morrill, whose honored name is in- 
separably connected with the Act of 1862, the first “Mor- 
rill Bill,” followed President Adams in a striking ad- 
dress from which the following excerpts are taken:— 


“The existence of the colleges can alone be vindicated by 
reason that they are not superfluous but indisputably wanted; 
and that their work is not Utopian but practically of real service 
to the country. * * * The importance of long terms of human 
training for the professions of theology, law, medicine, and peda- 
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gogy, has for years been held to be indispensable. But these 
learned professions, important as they are, numerically include 
only a small fraction, comparatively, of the human race; and, 
yet, it is hardly too much to say, that our ancient colleges and uni- 
versities mainly provided instruction originally intended exclu- 
sively for those who sought to be equipped for these special 
classes. The great majority of mankind, therefore, lacking per- 
haps neither ambition nor native ability, were dependent upon the 
hap-hazard of self-culture, or upon being taught in some brief 
way in the district school how to read, write, and cipher. If 
this uncounted and unrepresented multitude sought to acquire 
knowledge of more practical value in the voyage of life, they 
soon found that useful knowledge was often estimated in ancient 
and richly endowed institutions to mark the humble station of 
steerage passengers, while the august institutions assumed to pro- 
vide alone for passengers in the cabin, and, for them—haying re- 
luctantly abandoned the discipline of the ‘birch’—-unly an intel- 
lectual discipline, the efficacy of which no one disputes, though 
no less efficacy may be claimed in behalf of studies for scientific 
use than for classic ostentation. * * * The great army of in- 
dustrious laborers in the field and workshop, in mines and fac- 
tories, or on railroads and other business enterprises—ready at 
any time to give their lives in support of the liberties and union 
of the Nation—had some right to more of sound and appropriate 
learning that woeuid elevate and especially profit them in their 
respective future careers.”’ 

‘The school age of man is far too brief for the acquirement 
of all knowledge of philosophy, letters, and science, and where 
the dead languages have the primacy, there is little chance for 
the sciences, for modern languages, or even for our native tongue, 
or, indeed, for much, with scholarly thoroughness, in anything 
else. A mere smattering of the sciences, or of the ancient lan- 
guages, is no more to be coveted than even the old absolute wnity 
of all college education. The organic law of the land-grant col- 
leges, therefore, made it a leading feature that instruction should 
be provided, without ostracising anything, in branches related to 
agriculture and the mechanic arts, upon which, as we all know, 
the greater number of mankind must rely for their subsistence 
and happiness, as well as for their growth and reputation among 


men.” 


In the quotation last given the italics are my own. 
The words are deeply significant of what was in the 
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mind of Senator Morrill when he introduced into Con- 
gress the first measure that is best known by its author’s 
name. The whole address from which these citations 
are made is a strong plea for industrial education in 
which the practical and cultural elements shall be hap- 
pily blended. There is not a sentence of Senator Mor- 
rill’s utterances, at the time named, that is not in fullest 
accord with the opinions expressed in the brief quota- 
tions given. Ten years later, 1897, Senator Morrill writ- 
ing, from the Senate Chamber, Washington, D. C., to 
Director True, of the Office of Experiment Stations, 
United States Department of Agriculture, says:— 


“I have to say that the Act of 1862 was intended to give 
those whose lives were to be devoted to agriculture or the me- 
chanic arts, or other industries, embracing much the largest part 
of our population, some chance to obtain a liberal and practical 
education. The colleges in existence did not pretend to do any- ' 
thing more than to educate young men for the three professions 
of divinity, law, and medicine and surgery.”’ 


Again I take the liberty to italicize three words in 
the quoted extract. 

At one time it was proposed to make the Agricul- 
tural College of Massachusetts a “living branch” of Am- 
herst College. The latter institution was, doubtless, in 
need of a “living branch;” but the state’s obligation to 
the masses of the people, and to the General Government 
as well, would have been imperfectly fulfilled had the 
proposed union of the two institutions been consum- 
mated. Hon. Charles G. Davis, who gave a masterly his- 
torical address on the occasion twice before referred to, 
had this to say of the proposed connection of the institu- 
tion authorized by the Act of 1862 with the classical in- 
stitution at Amherst :— 

“T have never been able to see how the state could ‘support 
and maintain’ a college if it is made an annex to another college. 
How can the state send its Board of Agriculture as overseers to 
another corporation? ‘At least one college.’ If an agricultural 
college, so-called, is located in the vicinity of another college, it 
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still can not be another college, unless it rests upon a separate 
foundation, with independent and distinct professors throughout; 
and, if so, there can be no saying of expense by any such conjunc- 
tion as can be made under the law.” 


The following tersely expressed opinion’ of the best 
reason why the farmer’s son should go to the land-grant 
college, is from the pen of Dr. A. ©. True, whose efficient 
labors have done so much to promote the value of experi- 
ment station work in the United States :— 


“The boy does not go to an agricultural college to practice 
the ordinary operations of a farm as a means to provide support 
for his schooling or simply to learn the art of agriculture. He is 
to be taught not only how to do things, but why he should do 
them, and he should be so taught that when his college course is 
over, he will not be merely familiar with the ordinary routine of 
farm work, but will be able to plan such work in a progressive 
way, to take advantage of all that can be learned from the in- 
vestigations of experiment stations and other scientific institu- 
tions working in behalf of agriculture, and to direct the labor of 
others in the most approved and profitable way. Not only must 
the agricultural college supply the demand for trained managers 
of our larger agricultural industries, but it must also train men 
for positions in eur experiment stations, colleges, and in that in- 
creasing number of industries related to agriculture where scien- 
tific training is necessary to the highest success.”’ 


The proceedings of the College Section of the Asso- 
ciation of American Agricultural Colleges and Experi- 
ment Stations, at the tenth annual convention of that 
body, held in Washington, D. C., in November, 1896, 
were marked by the presentation of a number of papers 
on the question, “What shall be taught in our colleges of 
agriculture?” G. T. Fairchild, then President of the 
Kansas Agricultural College, opened the discussion by 
reading a paper from which a few characteristic ex- 
tracts are taken :— 

“Unless the colleges of agriculture reach a considerable body 
of farmers with their liberalizing education there is little hope for 
a scientific agriculture. * * * It is absolutely essential that 
the way from the farm to the college shall not be interrupted. 
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The city high schools do not and can not furnish the true line of 
training for the farm boy whose every sympathy is in the field 
and forest and farmyard. The trend of secondary schools is al- 
most universally toward the need of the city in merchandise, 
manufactures, and professions. * * * As fundamental in all 
study, a thorough training in the English language must stand 
first. If this is given through a comparison with other tongues I 
shall not complain, but the result must be English rather than 
linguistic information or grammatical expertness.” 


Then in order of importance as he sees it, President 
Fairchild names “an exacting study of mathematical 
principles and distinct application of these in quantitive 
sciences like chemistry and physics,” the “descriptive 
sciences and the philosophies of organic life,” the “art 
of expression,” and a “training in manual dexterity.” 


President H. H. Goodell, of the Massachusetts Agri- 
cultural College, spoke, in part, as follows :— 


“More mind and less muscle is the watchword of to-day. In 
preparing the soil, in planting, in cultivating, in haying, in har- 
vesting, in threshing, in the management of the dairy, in fact al- 
most everywhere, intelligence is the principal thing, and mere 
brute force comparatively worthless. * * * The curriculum 
naturally divides itself into seven departments—the English, the 
agricultural, the chemical, the botanical, the mathematical, the 
zoological, and that of languages and social science.” 


H. J. Waters, Director of the Missouri Experiment 
Station, followed in the discussion and made the follow- 
ing statements, among others :— 


“It is clear that no definite scheme of studies equally ap- 
plicable to the needs and requirements of all states and to the 
peculiarities of the public and high-school system of the different 
states can be laid down. Nor is it, in my judgment, possible, ex- 
cept within very wide and general limits, to say what shall be 
and what shall not be taught in our agricultural colleges. * * * 
It appears to me to be a matter for each college to determine for 
itself whether it will attempt to take cognizance of all the im- 
portant industrial interests or concentrate its efforts and funds 
upon a few of the more important ones. As to whether a given 
college shall offer courses in agriculture, mechanical, mining, 
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civil, or electrical engineering, and domestic economy, or require 
all its students to pursue one course embracing the leading edu- 
cational and industrial features contemplated in the law should 
be left to the properly constituted authorities of that college to 
determine. * * * By the letter of the law there is no restric. 
tion as to what the cultural subjects shall embrace—whether the 
classics, modern languages, psychology, or what not. While it is 
agreed upon every hand that in all cases provisions should be 
made in all courses for a reasonable amount of instruction that 
tends toward liberal culture, it is equally clear that the technical, 
the industrial, the useful instruction (those sciences relating to 
the several industrial pursuits) shall constitute the majors, in 
order that the training there imparted may be directed to some 
practical end.’’ 


H. C. White, President of the Georgia College of 
Agriculture and Mechanic Arts, emphasized much that 
had already been brought out in the preceding papers, 
in his address from which quotation is herewith made:— 


“Our institutions are to be educational establishments, not 
professional schools. They are to contribute to the drawing out 
and direction of the intellectual powers of the youth of the land— 
particularly of the ‘industrial classes’—so that they may be prop- 
erly fitted by ‘liberal and practical’ culture to engage in the ‘sey- 
eral pursuits and professions of life. * * * There is no war- 
rant in law, or reason, for the distinctive designation of our col- 
leges as ‘agricultural’ or ‘mechanical.’ I think it is a pity that 
the habit has grown among us. ‘Land-grant’ or ‘State,’ or ‘Sci- 
ence, would be more fitting appelations if distinctiveness is 
desired.” 

The Act of 1862 “was intended to increase the learning of 
the youth of the land, to furnish them with intellectual powers 
and stores of knowledge applicable to ‘industrial pursuits by 
providing liberally for the education, to that end, in order that, 
those who might engage in such pursuits should no longer be 
mere slaves of craft, but freemen in the intelligent prosecution of 
their chosen handiwork. * * * So far as the letter of the law 
is concerned, the strictest constructionist could not assert that 
anything having the faintest shadow of a claim to be considered 
a branch of education might not be taught in our colleges.” 


The twelfth annual convention of the Association of 
American Agricultural Colleges and Experiment Sta- 
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tions was held in Washington, D. C., November 15, 16, 
and 17, 1898. The address of the President of the Con- 
vention, Henry C. White, Ph. D., of Georgia, contained 
statements interpretative of the acts of Congress relat- 
ing to the land-grant colleges. The address was referred 
to a special committee, composed of George W. Ather- 
ton, LL. D., President of the Pennsylvania State Col- 
lege; J. E. Stubbs, LL. D., President of the Nevada State 
University; R. H. Jesse, LL. D., President of the Uni- 
versity of Missouri; Enoch A. Bryan, A. M., President of 
the Agricultural College and School of Science of the 
State of Washington; and J. K. Patterson, LL. D., Pres- 
ident of the Agricultural and Mechanical College of 
Kentucky. 


In its make-up, the committee represented every 
phase of educational work operative within the land- 
grant colleges. Its report, which is an authoritative 
affirmation of the statements contained in President 
White’s address, is as follows :— 


“The brief time which could be given to a proper considera- 
tion of the address, in the midst of many pressing engagements, 
precludes the possibility of doing more than to express a general 
but unqualified assent to the views so ably set forth by the Pres- 
ident of the Association; and the Committee submits to the Asso- 
ciation, without argument, the following resolutions as a brief 
expression of its views and as a platform upon which the insti- 
tutions here represented may confidently take their stand.” 

“Ist. That the proceeds of the United States Land-Grant 
Act of 1862 and the annual appropriations provided for by the 
Acts of Congress of 1887 and 1890 are a National Trust to be ad- 
ministered by the several states in strict accordance with the let- 
ter and spirit of the grant.” 

“2d. That the land-grant colleges, whether organized sep- 
arately or as branches of state universities, are primarily educa- 
tional institutions required by law to teach certain branches of 
learning.” 

“3d. That these branches of learning are to be taught with 
special reference to their applications in the industries of life.” 

“4th. That this requirement involves a thorough funda- 
mental training in the principles of the mathematical, physical and 
natural sciences, in order that their practical applications may be 
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clearly understood, and forbids that the institutions shall in any 
way be regarded as trade schools.” 

“Sth. That the land-grant colleges are required by law to 
provide a liberal as well as a practical education, and that it is 
therefore their special duty to study, practice, and develop sound 
principles of instruction in the teaching of all branches of learn- 
ing both liberal and technical, to the end that the subjects taught 
may be made the means and instruments of a true education, as 
well as a means of acquiring a body of concrete knowledge.” 

“6th. That the aim of all research shall be to learn the 
truth, and the aim of all teaching, to teach the truth and nothing 
but the truth; and that, to this end, freedom of research and 
freedom of teaching are indispensable.” 

“7th. That all teaching should accordingly be absolutely 
free from partisan or sectarian bias, that the institutions should 
be free from partisan or sectarian contrel, and that no interfer- 
ence in the administration, or in the teaching, or in the tenure of 
office should be allowed on partisan or sectarian grounds.” 


The opinions that the foregoing quotations present 
vary in degree, but not in kind. The consensus of opin- 
ion, regarding the necessity of a broad, generous literary 
culture, growing out of the instruction and training given 
the students of the so-called land-grant colleges, is very 
marked. Conditions in Colorado are very favorable for 
the realization of all that is best and most progressive in 
the Congressional legislation, assent to which, coupled 
with wisely ordered legislative action, has given our 
state a college that stands well up to the front among 
the institutions of its class. 


CONCLUSION. 


I have purposely made this report more comprehen- 
sive than usual. In its preparation, I have not hesitated 
to quote liberally from my recent report to the State 
Superintendent of Public Instruction and my address, 
as Chairman of the College Section, delivered before the 
annual convention of The American Association of Agri- 
cultural Colleges and Experiment Stations that met 
lately in Washington, D. C. 
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The College is now more deeply imbedded in the re- 
gard and good-will of the people of Colorado than ever 
before in its history. Its progressive course has been 
watched by them with friendly and deep interest. They 
have been taught to know how practical and wide-reach- 
ing is the educational work that it is doing. 

The students who leave the College at once put its 
instruction and training to practical and effective use 
and thus give forceful, undoubted testimony to the value 
of educational processes that train brain and hand to 
aggressive activity in the industrial world. 

I can not close without speaking in terms of strong 
commendation of the financial management of the Col- 
lege under your painstaking, business-like administra- 
tion. You have proved wise stewards of the high trust 
placed in your keeping. You have just rounded out a bi- 
ennial period of college history with the institution you 
have so wisely fostered free from debt and in a position 
that gives promise of its greatly increased usefulness in 
the near future. 

To all who have, in any way, contributed to making 
college administration effective and successful, I offer 
thanks and best wishes. 


Very respectfully, 


AA: Ghiae 


President. 
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Letter of Transmittal, 
fo 


HON. ALVA ADAMS, 
Governor of Colerado. 


Sir—I have the honor to present herewith the Elev- 
enth Annual Report of the Agricultural Experiment Sta- 
tion which, by the terms of Congressional and State leg- 
islation, is one of the departments of THE STATE 
AGRICULTURAL COLLEGE of Colorado. 

Both College and Station are under the direct con- 
trol of The State Board of Agriculture, some of whose 
employes give time and effort to both College and Sta- 
tion work. 

Two sub-stations are maintained by the use of a 
part of the Government fund provided for in the “Hatch 
Act” of 1887. Such use of said fund is unauthorized by 
the law, but it has been thought best “to stretch the 
law” a little rather than wholly to abandon the work in 
which the people in two important districts of the State 
are so deeply interested. There is faint hope yet that 
the Legislature, realizing how vitally concerned are our 
farming communities in sub-station experimentation, 
will furnish the financial support necessary to render it 
permanent and of increasing utility. 

Irrigation surveys in at least two important valleys 
of the State and wide-reaching experiments in the grow- 
ing of sugar-beets, have profitably engaged the time of 
some of our station workers. Al] scheduled lines of ex- 
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ried on at college expense. The salaries of employes 
whose service is in any way connected with both College’ 
and Station are so adjusted as financially to strengthen 
the latter at the expense of the former. 

Our principal lines of station work, pursued without 
material deviation ever since that work was entered 
upon, are as follows: Chemistry, field experiments, 
meteorology, botany, horticulture, entomology, and irri- 
gation. About two years ago, garden experiments were 
discontinued. I hope to see provision made for some 
garden work in future schedules. 

There is a growing demand that our experimentation 
in the interest of dairying be made more far-reaching. 
Dairymen have just reason to ask that their interests be 
not overlooked in the station work paid for out of the 
government fund. The act creating that fund contains 
provisions in which experimental work closely connected 
with the dairy interests of the country is plainly sug- 
gested. Original researches on the physiology of ani- 
mals, the diseases to which they are subject and remedies 
therefor, are provided for. The experimental work out- 
lined in the “Hatch Act” includes consideration of “the 
composition and digestibility of the different kinds of 
food for domestic animals” and “the scientific and eco- 
nomic questions involved in the production of butter and 
cheese.” We have not the best conditions for carrying 
out the investigations referred to in the language quoted. 
Our present facilities for prosecuting these investiga- 
tions could be added to at no great expense; and that 
course is suggested by the rapidly increasing interests 
that would be favorably affected by its adoption. Some 
qualified to make suggestion assert that if the conduct 
of a station be put on a business basis, the dairy can be 
made efficient as an experimental agent and partially 
self-sustaining at the same time. The dairy interests of 
Colorado are now large and annually growing in im- 
portance. The alfalfa districts of the State, as they may 
be termed, are peculiarly fitted for the profitable hand- 
ling of dairy herds. The products of such herds will 
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find a constantly increasing market-area when their ex- 
cellent character is more widely advertised. An edi- 
torial writer in a recent issue of “The Western Cream- 
ery,” published in San Francisco, expresses the opinion 
that “an era of great faith in dairying” is at hand. His 
description of some conditions favorable to the dairy 
industry in California might be applied with equal force 
to those now existing in many parts of Colorado. In re- 
ferring to the superior dairy products coming from the 
alfalfa districts of California, he says:— 


“Until 1897 it was commonly believed that alfalfa would not 
make good butter, but when ten California tubs of butter were 
sent to the National exhibit at Owatonna and alfalfa secured the 
highest score of the lot, it dawned upon our people that they 
might be mistaken. When again, at Topeka, the alfalfa butter 
secured the highest score of the four tubs sent from California, 
an impression was made upon the trade and, with the intrinsic 
merit of such goods to sustain the reputation there gained, al- 
falfa butter has since stood in the first place in our markets.” 


The recent action of the Executive Committee in au- 
thorizing the feeding of a small “bunch” of yearling 
calves, at the sub-station at Rocky Ford, is in line with 
the thought that prompts me to say what I have said 
on dairying. 

Within the last two years appropriations amount- 
ing to $1,350 have been made for the prosecution of irri- 
gation surveys in the San Luis and Arkansas valleys. 
Measurements of the Arkansas river are now in progress. 
Prof. L. G. Carpenter, Irrigation Engineer, has direc- 
tion of the work. 

Experiments in the growing of sugar-beets have 
been made in various parts of the State. The plans for 
this work were perfected by Prof. W. W. Cooke, head 
of the Agricultural Section, and the Station Chemist, 
Dr. William P. Headden. Ali this work was but the con- 
tinuation of effort begun nearly a dozen years ago. The 
results, as they are seen at present, may be thus sum- 
marized. Under average conditions, from 14 to 16 tons 
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of sugar-beets can be raised on one acre of land; their 
sugar content will be from 12 1/2 to 13 per cent.; and 
their purity will be represented by a per cent. ranging 
from 75 to 78. 

These wide-reaching experiments have entailed upon 
at least two of our station workers a vast amount of 
labor and have been prosecuted at no slight expense to 
the experiment station fund. They were undertaken to 
show the adaptability of our soil for growing sugar: 
beets in amount and quality to justify capitalists in 
building beet-sugar factories in Colorado. The results 
already secured make it clear that all phases of the 
sugar-beet industry can be made profitable when labor 
and capital unite for their development. In view of 
what has already been accomplished—the facts now 
pretty definitely established—it may well be considered 
whether further experimental work, along the lines so 
well wrought out heretofore, shall be undertaken by the 
Station in the near future. 

The work of the Entomological Section, directed by 
Prof. C. P. Gillette, has been, principally, an investiga- 
tion of the value of different methods of destroying the 
coding moth, an examination of grasshopper depreda- 
tions in certain localities, and a continuation of apiary 
investigations. The continuation of a systematic test of 
varieties of orchard and small fruits, has engaged a large 
part of the time, available for station work, of Prof. C. 
S. Crandall, Station Horticulturist. 

We are frequently called upon for statements show- 
ing in what manner our station investigations have 
proved of practical benefit to the farmers of the State. 
Station work in Colorado has been systematically car- 
ried on ever since the “Hatch Act” made an experiment 
station a college department. Even before the provis- 
ions of that act were made operative, much experimental 
work had been intelligently planned and successfully 
executed. To meet with question regarding the value of 
the work done in the past, and that planned for the fu- 
ture, is to be expected. A reference to our numerous bul- 
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letin publications furnishes strong testimony of the far- 
reaching efficacy of what has been already accomplished 
by the well-directed efforts of our station workers. 

Not long since I received a letter containing a num- 
ber of inquiries regarding the practical results secured 
by our station workers in the carrying out of their inves- 
tigations and researches. Some of these queries are 
worthy of more than a passing notice and, for that rea- 
son, are herewith given :— 

1. What are the special lines of work which the 
Colorado station is trying to follow, and what has been 
the success of the work? 

2. What special discoveries, if any, of scientific or 
practical value have been made by workers of the sta- 
tion? 

53. Has the station discovered, or been active in in- 
troducing any system, method, process, remedy, variety, 
er other principle which has been of marked value? 

4. Has any publication of the station been of spec- 
ial importance or excited special criticism? 

It would require much space and no little thought to 
give full and satisfactory replies to such inquiries as 
these. They are not made by an outsider, but by one 
closely and practically identified with station work. 
They are suggestive of some things that the station em- 
ployé should keep steadily in mind in the prosecution of 
his work. 

Our station work, in its plan and execution, has met 
with the general approval of the authorities at Washing- 
ton. In some not essential particulars that work has 
been criticised, perhaps justly. In so far as criticism is 
based upon observations made in one hasty station visit, 
by an official, there is ground for questioning its justness 
and value. Things are not the same at all times, and 
broad generalizations are not warranted by one hasty 
and, necessarily, superficial examination. 

In a letter to me, under date of September 27, 1898, 
Dr. True, of the Government Office of Experiment Sta- 


tions, writes as follows :— 
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‘In looking over the accounts of the work of your station, 
during the past year, which have been received here, including 
the report of Dr. Allen on his visit to the station at Fort Collins 
and the sub-station at Rocky Ford last spring, I am impressed 
with the increasing value and importance of the work which 
your station is doing. I am particularly glad to see that not only 
the irrigation engineer is making successful studies of the irriga- 
tion problems, but that other officers are also beginning studies 
having vital relation to the successful development of farming in 
Colorado under irrigation. As you know, I spent some time last 
summer in the irrigated region west of the Mississippi and I am 
more than ever convinced that your station, with others, has a 
great opportunity for work of a high scientific and practical value 
by devoting itself to studies of problems directly connected with 
irrigation farming. There is work here for the chemist, botanist, 
horticulturist, agriculturist, and experts in a number of other 
different lines as well as for the irrigation engineer. I hope it 
may be possible for your station to develop this work more 
largely in the future and that Congress will put this Department 
in a position to give you financial assistance. Arrangements have 
already been made to utilize the investigations of your irrigation 
engineer in connection with the work on irrigation which the De- 
partment is attempting this year. It will be our policy to codper- 
ate most largely with those stations which are doing the most to 
help themselves in this line of work.” 


The same official, in his annual report for the year 
ended June 30, 1897, speaks of our station work in the 
language herewith quoted :— 


“The work of the Colorado station is being strengthened 
and developed along lines of great usefulness to a wide region 
of the West. The importance and value of thorough experimental 
inquiries in behalf of agriculture is being more fully appreciated 
by the managers of the station and by the agricultural public of 
the State. When once the station is relieyed of the expensive 
and wasteful burden imposed by the sub-stations, it will un- 
doubtedly be able to do still better service through codperative 


and other enterprises affecting the vital interests of the agricul- 
ture of the entire State.” 
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HEREWITH ARE GIVEN THE NAMES OF ALL PERSONS REG- 
ULARLY CONNECTED WITH STATION WORK, THE POSI- 
TIONS FILLED, AND THE SALARIES RECEIVED. 
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J. E. DuBois, Secretary Executive Committee 
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ASSISTANTS. 
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Sub-Station Swperintendents— 
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The yearly expense for !abor is about $2,500.00. 


OUTLINES OF STATION WORK FOR 1898. 


700.00 


$ 900.00 
800.00 


$11,080.00 


At a meeting of the Station Council, held January 
25, the schedules of station work for the year were pre- 
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sented, revised, and adopted. These schedules were sub- 
sequently—January 28—adopted at a regular monthly 
meeting of the Executive Committee. The outlines of 
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experimental work for the different sections of the Home 
Station and for the sub-stations, located at Rocky Ford 
and Cheyenne Wells, are herewith given :— 


AGRICULTURAL SECTION. 


Spring Lambs :— 

A continuation of the third year of the experiment, 
selling both the lambs and the ewes, closing up the ex- 
periment and making a bulletin report to be accompanied 
by notes on the raising of lambs on alfalfa and pasture, 
for which purpose twelve ewes were purchased last fall. 


Ensilage:— 

A continuation of the fourth year of the experiment, 
closing up the tests to be made with reference to sheep, 
cattle, and dairy cows, and making bulletin report of the 
whole subject as related to Colorado conditions. 


Sugar Beets :— 


The work in this connection to be done in codpera- 
tion with the Chemical Section, tests of seed grown 
in the United States as compared with that grown in 
Europe, tests of the effect of alkali, early and late thin- 
ning, early and late planting, medium and late irrigation, 
manured and unmanured land, and alfalfa sod; all these 
tests to be made at Fort Collins and Rocky Ford, and 
part of them at fourteen other places distributed in the 
valleys of the Platte, Arkansas, Grand, Gunnison, and 
on the Divide and in the San Luis Valley. 


Bromus Inermis :-— 

Tests for hay, pasture, and seed, with and without ir- 
rigation, especially with reference to fall seeding. 
Alfalfa:— 


The continuation of the tests of top dressing, with 
duplicate tests of plowing-in stable manure; duplication 
of the tests of the past season on the losses of alfalfa in 
the stack and in the mow, and on the effect of different 
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times of cutting alfalfa; a test of a new variety of alfalfa 
as compared with the common variety, to be made at 
Fort Collins and Rocky Ford, and if possible, at several 
other places. 


Corn:— 
A continuation of the second year of a three years’ 
test on the value of seed from different climates. 


Winter Wheat :— 


A test of its use as fall pasture for sheep when sown 
after barley. 


Gypsum :— 

A test as a top dressing on alfalfa, as plowed in for 
cereals and corn, and as an addition to stable manure, in 
our third year of the test for the reclamation of “pov- 
erty weed” land. 


Digestion Experiments :— 

In connection with the Chemical Section, it is 
especially desired to make some digestion experiments 
with sheep with reference to Dr. Headden’s new method 
for determining the feeding value of fodders by chemical 
analysis. The animals necessary for the experiments are 
already on hand. It will probably take about $75.00 to 
buy the necessary apparatus for performing the experi- 
ments and for fixing up the stalls to make them suitable 
for carrying on these lines of experimentation. 


SECTION OF BOTANY AND HORTICULTURE. 


J. The study of the Flora of the State, special at- 
tention being given to: 
1. The weeds of the farm and garden. 
2. Grasses, native and introduced. 
3. The various species and varieties of the 
genera Oxytropis and Astragalus. 


II. The further introduction to the garden of such 
wild fruits as can be obtained. 
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Ill. Nursery test of orchard fruits with a view to 
the study of the adaptability of varieties to this climate. 


IV. Tests of varieties of small fruits. 


V. Cobperative work with the Division of For- 
estry of the United States Department of Agriculture. 


SECTION OF METEOROLOGY AND IRRIGATION ENGINEERING. 


I. Meteorology—To continue observations as hith- 
erto. This includes observation and record of the data 
bearing on agricultural meteorology; average maximum 
and minimum temperatures; range; solar radiation; ter- 
restrial radiation; rainfall and humidity observations; 
barometer, wind, amount, direction, etc.; and amount 
and intensity of sunshine. This also includes observa- 
tions by various voluntary observers and at the sub-sta- 
tions. To make these of most value, the stations should 
be visited to examine the exposure of the meteorological 
instruments. 


II. Evaporation determinations—The  continua- 
tion of that from waters, and study of evaporation from 
soils and vegetation. 


Ill. Soil moisture. 
*IV. Soil temperatures. 


V. Continuation of examination of irrigation 
questions of the State—The subirrigation question of 
the San Luis Valley was not completed last year. The 
correspondence now in progress may enable its comple- 
tion without taking it up as a topic for the summer. I 
think it is desirable to enter upon a study of the ques- 
tions of the Arkansas Valley. 


VI. Seepage measurements in the State—On the 
Arkansas and on some other streams. 


*Note—In some lines there is enough accumulation of data to 
make it possible to obtain useful results from their eareful study. 
As time permits, it is intended to take up some of these questions. 
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ENTOMOLOGICAL SECTION. 


I. Collecting and rearing insects for the purpose 
of determining food-habits and life-histories. 


II. Experiments for the destruction of insect 


Ill. The beginning of work looking to an Orthop- 
terological survey of the State. 


IV. Testing insecticides. 


V. ‘Experiments to determine the value of the 
bandage system of combatting the Codling Moth. 


VI. Experiments for the destruction of miscellane- 
ous insect pests. 


Vil. Experiments in the Apiary: 

1. To determine the value of sugar for 
winter stores. 

2. Testing apiary appliances. 

3. Making a collection and list of honey- 
producing and pollen-producing 
plants with notes as to their prob- 
able value. 

4. Experiments to determine the nature of 
and remedy for the disease known as 
“Bee Paralysis.” 


CHEMICAL SECTION. 


I. Continuation of the soil study already begun, 
including a study of the effect of cropping alkali soil 
to sugar beets, as outlined last year. 


II. Cooperation with the Farm Department in the 
study of the sugar beet problems in Colorado, including 
the subjects of the influence of the seed upon the date 
of maturing, effect of manuring, etc. 


Ili. Animal digestion experiments in coéperation 
with the Farm Department—a continuation of the study 
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presented in Bulletin No. 39. This will entail an ex- 
penditure of about $75.00 by the Department of Chem- 
istry. 

Note—The miscellaneous work is not considered in this schedule. 


This character of work has increased very greatly during the past 
year. 


ARKANSAS VALLEY EXPERIMENT SUB-STATION. 


Rocky Ford, Colorado. 
CEREALS :— 


1. Wheat—A comparative test of varieties begun 
last season. A half acre plat each to Turkey, Clawson, 
Red Russian, and one-tenth acre to Canadian Velvet 
Chaff. One-tenth acre each of six varieties of Russian 
wheat furnished by the Department of Agriculture, 
Washington, D. C. 

2. Rye—Four acres of Mammoth Spring rye; more 
clearly, Polish wheat. . 

3. Corn—(a) Test on culture. Cultivation versus 
irrigation, and how much and when best to apply each. 
This is the second year of a continuous test begun last 
season, with a slight change in the original plans, so 
that those portions of the field which are to receive only 
one or two irrigations shall not be given any water until 
the corn shows signs of decided need of moisture. 

(b) Corn on alfalfa sod. To show how long the 
effects of alfalfa will last. This will be the third year 
of the test. The variety, Golden Beauty, will be used on 
a plat of four acres. 


GRASSES :— 


1. The establishing of test grass plats and plats of 
different kinds of forage crops, with tests of annual for- 
age crops, to take the place of those drowned out the 
past season; the different grasses, cereals, and forage 
crops to be sown in single or double rows. The entire 
area to be limited to one-fourth of an acre. 

2. Alfalfa—A test to discover if anything can be 
gained by planting alfalfa, in such shape as to give light 
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cultivation and subirrigation, where intended to produce 
seed; the tests to be made on an area not exceeding one- 
fourth of an acre. 


GARDEN DIVISION. 
VEGETABLES :— 

A test of varieties with notes on irrigation and cul- 
tivation; to be restricted to what is needed for immedi- 
ate use on the farm and for exhibition purposes. 

1. Celery—To experiment with varieties and meth- 
ods of growing and bleaching, on an area of two square 
rods. 

2. Potatoes—One-half acre devoted to  experi- 
ments on two varieties on the different methods of plant- 
ing, culture, and irrigation. 

3. Sugar Beets—One-eighth of an acre grown as a 
duplicate test of the experiments made at the Home Sta- 
tion at Fort Collins. 


HORTICULTURAL DIVISION. 


OLD ORCHARD :— 

Observations on the amount and date of first bloom 
of varieties, and of the setting of fruit, and of yields. 
Observations of the blight and its effects on different 
kinds of apples and pears. The replanting of places 
where trees have been killed out by blight. 


NEW ORCHARD :— 

The vacancies in the orchard set out in 1896, caused 
by the dying of the trees, are to be replaced by new 
trees of the same varieties, but the live trees to remain 
in their present places. A few conifers from the De- 
partment of Agriculture, at Washington, are to be set 
in connection with the deciduous trees, as far as it can 
be done without materially increasing the labor of cul- 
tivation. The remaining 4 1-2 acres of the original ten 
acres set apart for the orchard, are to be set out to new 
varieties as far as means at hand, at this time, for this 
purpose, will permit. 
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FORESTRY AND ORNAMENTAL TREES :— 


The planting of elms along one side of the lane 
which runs through the Station, and the planting of elm. 
catalpa, locust, ash, and other ornamental and nut trees 
around the 80 acres devoted to experimental work as 
far aS means may be on hand for this purpose. 


ENTOMOLOGICAL DIVISION. 


Observations on injurious insects in connection with 
the Entomological Department of the Home Station. 
Spraying and other remedies on orchard and garden 
crops when affected with insects. Special observations 
and notes on the strawberry leaf-roller. 


METEOROLOGICAL DIVISION. 


A. continuation of the meteorological records that 
have usually been kept at the Station. 


FERTILIZERS. 


Experiments with decomposed gypsum as a top 
dressing on three acres of land which received too much 
water last season. This land has been covered lately 
with manure, and the intention is to apply the gypsum 
at the rate of 500 pounds per acre in strips with alter- 
nate spaces left with nothing but the stable manure. 

The remainder of the station land, not included in 
the leased land, to be used in growing such general farm 


crops as, in the judgment of the Superintendent, will be 
of most value. 


RAINBELT EXPERIMENT SUB-STATION. 
Cheyenne Wells, Colorado. 
CAMPBELL PROCESS TEST. 
I. Spring of 1898— 
(a) PSROCAtOCR cn ee 1-2 acre. 
(b) Spring wheat,..... 1 acre. 
(c) “Spring rye. Sate 1 acre. 
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(i) * SOAR ee cao pene 1 acre. 
(eh Date fence 1 acre. 
(8). Ooms lout tei erraer 4 acres. 
(g) Sorghum,..... 11-2 acres. 

OUR i898 1) 10 acres. 


In each case the land is to include the part that is 
under the Campbell method and the check plats under 
ordinary cultivation; i. e., the ten acres to be about 
three quarters Campbell and one quarter common cul- 
ture. 


II. Autumn of 1898—Fall wheat, two acres selected 
varieties, one-half the land to be by Campbell method 
and the other half a check by common method. 

Variety tests of grasses, cereals, and forage crops 
to be reduced to double rows and included in the ten 
acres of the Campbell test. 


III. Vegetable tests to be made on a small scale 
and not included in the ten acres, but as far as possible 
made by the Campbell methods. 


IV. The remainder of the farm to be devoted to 
forage grains, such as California barley, millet, and 
bromus inermis, with at least three acres devoted to a 
test of decomposed gypsum, at the rate of 500 and 1,000 
pounds per acre. 

V. Scientific work— 

(a) Test effect of wind-break on soil moist- 
ure at different distances from the 
wind-break. 

(b) Test rate of evaporation from four 
types of soil found here. 

(c) Test evaporation from water surface in 
shade and sun. 

(d) Continued examination of the soil of 
the Station which was begun in 1896. 

(e) Test effect of the Campbell method on 
soil moisture. 

(f) Observations on meteorology to be con- 
tinued. 
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STATION PUBLICATIONS. 


Within the year covered by this report, nine bulle- 
tins have been issued. The total number of bulletins 
is now forty-nine. A list of these publications is here- 
with given :— 


No. Subjects. Authors. 


1. Reports of Experiments in Irrigation 

anda Mecteorolo Syriac oe eer eae Elwood Mead 
2. Report of Experiments with Grains, 

Grasses, and Vegetables on the College 

army) ope +o eens eg eee eee eee A. ©. Blount 
8. Concerning the Duties of the Secretary 


of The State Board of Agriculture, and 
DIStribution = Obes COGS enr strana Frank J. Annis 


4. Report of Experiments with Potatoes 


ANG ILODACCO a. ssc. ee ee ee eee ai Como ast Clyg 
be Experiments in the Apianyec swe rise ee OV Ose 
6. Notes on Insects and Insecticides.............James Cassidy 
ie Potatoes and! SucamBeetsoan anne - James -Cassidy 

..David O’Brine 


8. Alfalfa: Its Growth, Composition, ....-David O’Brine 
and Digestibility 


..James Cassidy 


9. Soils” and) (AIKal. . cian lctee ts ee ee David O’Brine 
LO MLODACCO Misc ene ae oe ae ee f eav i Ons 
| ....James Cassidy 
TAS Svea re Beets ac aes t cise, ass oer reg Gee aoe 
..David O’Brine 
12. Some Colorado Grasses and Their .../JJames Cassidy 
(GlaKeraayrorll INMENKUSIS, ania selngouge ane css ..David O’Brine 

18. On the Measurement and Division of 
Waterss cscacc tae remerm ais acannon eee ae ee L. G. Carpenter 
14, Progress Bulletin on Sugar Beets............ David O’Brine 


15. The Codling Moth and the Grape-Vine 
Leat- Hopper ee tists asaiickahs tee C. P. Gillette 


19. 


20). 
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Subjects. Authors. 
The Artesian Wells of Colorado and 
Their Relation to Irrigation.............. L. G. Carpenter 
A Preliminary Report on the Fruit In- 
TELeStS OL the. State face ce namie eee eee ree Cc. S. Crandall 
PRACO RIS WEIN ctr ce i tod come enn eae W. J. Quick 


Special Bulletin “A” Concerning Sub- 
jects Investigated by the Experiment 
SSCL OU (ais ey See ieee chien nie diel OMe reel 


Observations upon Injurious Insects, 
SOAS OIIMO Lemed SO ee Sara to tnteis cladsl Solem taco everest oko OR OPRreR C. P. Gillette 


I. The Best Milk Tester for the 
Practical Use of the Farmer 
and Dairyman RPei esi Gidberens: Ae erotele e Wie, Sf, Quick 


/ 
( Il. The Influence of Food upon the 
Pure Fat Present in Milk..... 


( eS Os COUS ars teem Setrencers eile ] 
ie SN EOLALOCS. ite cca eee ‘etme ue ve ue Wi CLOlus: 
( ATT. “Wruit Raising. .....2... 22... f 
A Preliminary Report on the Duty of 
BV GST rare si sieves vo raat ool aaa ms uatioescn (opie <(eiss L. G. Carpenter 
COlGTACORVWiCCOS 0a arene eet ete Atco oaae «52.0 Se eoLangalll 
Ay Hew Common Insect<Pests: 3.2.2. ..«...5.0..0. Ps Gillette 
Progress Bulletin on the Loco and Lark- 
STAN a Ales oe eee Stel A cee eee Cae mA ee David O’Brine 
{ Garden Notes for 1893............. { MEE a 
Perr Ome ise, Ciaeayels) 
T = 
HAP INOLES MOLMESOSig.) crust ales = 6 « ‘5 eee, tole 
Seeding, Tillage, and Irrigation...........¥red. Huntley 
The Measurement and Division of 
Water. (Third Edition, Revised, of 
ES THUVE Gao Onpa hes) ererceages are tereeacato tia. e\a)spsien e's, Saag L. G. Carpenter 
GEASS ARE eal WM on RI OE Cotes eden cep DAI pp OIE © 0. C. S. Crandall 
Strawberries and Grapes: Notes on Va- 


ILOILO Sime N eter ars ceuehe et er ecaraioascey Siero oh sane oe (eyeie Marion J. Huffington 
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30. 


381. 


43. 


Subjects. Authors. 
tigate {.......W. W. Cooke 
I. Farm Notes for 1894..........-. l Be PA I es 

II. Notes on Tomatoes.......----+-- Marion J. Huffington 
Hemiptera of Colorado. (Technical ( 7 aoe On eae Gillence: 

Sere, INGE dNeccsoaponcabenc6eec0 | Sa5 ves Carl F. Baker 
Sheep Feeding in Colorado...................W. W. Cooke 
Seepage or Return Waters from Irriga- 

ELD Se Gena ante be Blert ce Tone eae etco kere teeta rerio: L. G. Carpenter 
Oattle Meeding int Colorados-e 2... .5.- =. te Wem yee Oolke 
SALA EA s,s exdyeceusceoe ch eieiets arerentee e M-aeveteae pares eaete Win. P. Headden 
Suear! Beetis:)ias5 certs ee ee | -++-..W. W. Cooke 


| ....Win. P. Headden 


The Birds of Colorado. (Technical 

Series, NO. 2)is screen ota nero i hersberen tamer ons freee W. W. Cooke 
{ J. Sheep Scabies. casero adeisenisier ss 1 

II. A Few Insect Enemies of the ..C. P. Gillette 
{ Orchard er coer rere { 
A Study of Alfalfa and Some other 

EV YS ws ers. coavacais.01 0 ocellene e eteteee ae te er tekee ce meme: Sate Wim. P. Headden 
TB aALTO Vi orexcre ec acie aks hee og HORE Rae er eee ee W. W. Cooke 
Blight and Other Plant Diseases..............C. S. Crandall 
Sugar Beets in Colorado in 1897...... { Piling W.-W Cooke 


{ ....Wm. P. Headden 


I. Colorado Lepidoptera. . 
II, A Few New Species of Delto- 
cephalus and Athysanus from 


Colorado ss ce Oe ecules C. PB: Gillette 
} rar. A List of Original Types, etc., 
in Collection. (Technical Se- 
TICS INO 23) crashes Seer 
Further Notes on the Birds of Colorado. 
(RechnicalN Series Now) ee eee W. W. Cooke 


The Loss of Water from Reservoirs by 

Seepage and Mvaporation.................1. G. Carpenter 
A Soil Study, Part I. The Crop Grown: 

Sugar Beets -Sae-aee oh a eee OT TOM Headden 
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47. Colorado’s Worst Insect Pests and their 


FROM COIC Siwy -gs ohio yi a th. Poe ke 2 it See C. P. Gillette 
48. Losses from Canals from Filtration or 

CEDAR ett s caver eiacin £2 eee a ert ie LL. G. Carpenter 
49. Meteorology of 1897, with Ilustra- fra .l. G. Carpenter 

TOT Stee cuts aoe eS CS i neeirin 3 R. H. Trimble 


The cost of the station publications issued since the 
last report is herewith given. The number of copies of 
each and the pages of matter therein contained are like- 
wise shown. 


I. 1,500 copies Tenth Annual Report, 110 


PASCo ee WLU COVEN), wari e erersicieeie te $ 119.84 
Il. 6,000 copies Bulletin No. 41, 22 pages.... 77.44 
III. 7,000 copies Bulletin No. 42, 64 pages.... 286.39 
IV. 2,000 copies bulletin No. 48, (Technical 
series: INO. ,).o2 DAZES. nai csreuies steer) 
LE CIBOEY DOS att tileo sit temeht Joe: exorcise iolbleens 2.30 94.80 


V. 2,000 copies Bulletin No. 44, (Technical 


Series, No. 4,) 82 pages......:....... 66.00 
VI. 6,000 copies Bulletin No. 45, 32 pages. ...$1382.00 
PCCILOLY PG cui. meine ete a eee 1.00 183.00 
VII. 6,000 copies Bulletin No. 46, 64 pages.... 255.00 
VIII. 6,000 copies Bulletin No. 47, 65 pages... .$227.50 
Six (6) pages half-tone work......... 36.00 
Six (6) pages half-tone cuts.......... 21.80 
IDOE MOIR ech olsat cts Sool aan aa pmoome 15.64 300.94 
IX. 6,000 copies Bulletin No. 48, 36 pages.... 161.25 


X. 6,000 copies Bulletin No. 49, 72 pages... .$252.00 
Thirty-five (35) pages tables, $2 per 


DAE COREL cuete eisnete lets 2 esi) olen 70.00 
Two (2) pages brevier, extra......... 1.70 
IDIEYGNRONACSS| OUnGandun doanooe aos oor 3.80 327.00 


ACTS are Ry Coe ta ARE AERA es a $1,821.66 
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THE SUB-STATIONS. 


The condition of sub-station management is that 
which existed at the time of the last report. The future 
of these auxiliaries of the Home Station is as unsettled 
now as it ever was. A modest state appropriation for 
their maintenance would insure their permanency and 
usefulness. As long as the burden of their support falls 
upon the Government fund the question of their contin- 
uance is one of anxiety and uncertainty. 


In speaking of station work in Colorado, Dr. True, 
in his annual report, from which quotation has already 
been made, says :— 


“The sub-stations at Cheyenne Wells and Rocky Ford have 
been continued, but under unsatisfactory conditions. The work 
at Cheyenne Wells, considered as a temporary enterprise to de- 
termine the agricultural possibilities of the locality, may prove 
of some value, but no good reason has been assigned for a per- 
manent sub-station there. The sub-station at Rocky Ford has 
suffered the usual vicissitudes attending the prosecution of sta- 
tion work under ill-trained superintendents, and is clearly an ex- 
pensive venture without important results.” 


In Dr. True’s letter, before referred to, is found the 
following language :— 


“Dr. Allen’s inspection of the sub-station at Rocky Ford did 
not satisfy us that it had been properly managed. While there 
are good features about the work in progress there, there have 
been so many changes in the management and the records have 
been kept in such an incomplete and unintelligible form that it 
seems to us that the money spent there has been very largely 
wasted. I hope no effort will be spared to secure state aid to 
put these sub-stations on a substantial basis and permit the en- 
tire withdrawal of the Hatch fund from them. Otherwise I think 
definite steps should be taken to abandon them. This has been 


done in nearly all the states where sub-stations existed at the 
expense of the Hatch fund.” 


Dr. True’s strictures upon the station work at the 
existing sub-stations, and his suggestions as to their fut- 
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ure disposition, are, in the main, warranted; but no one 
with only the knowledge of the conditions under which 
our sub-station work is conducted secured by hurried 
visits, few and far between, can be in a position to speak 
with high authority on the subjects of sub-station effi- 
ciency and sub-station continuance. 


The Arkansas Valley Experiment Station—Conditions 
have not been favorable for securing desirable results. 
Three different persons have been in charge of the work 
of the station within a year. 

W. Frank Crowley was, June 29, 1897, appointed 
Superintendent of the station and at once entered upon 
the duties of the position. His work was satisfactory 
and gave promise of good results. On February 10, 
1898, the following communication, from Mr. Crowley, 
was received by the Executive Committee :— 


“Honorable Sirs:—I have to-day telegraphed you my resigna- 
tion as Superintendent of the Arkansas Valley Station and I fur- 
ther write to explain my action.” 

“JT have resigned the position in order to establish an ex- 
perimental fruit farm near Holly, Colorado. I consider that I 
can do more good for the horticultural interests of the Arkansas 
Valley by this move. I shall be glad to codperate with the State 
Experiment Station in every way possible.” 

“The move will also, I think, better my condition financially 
and otherwise. I desire to move as soon as possible and shall be 
glad to have you put a man in this place by the first of March, 
or sooner. I shall endeavor to make the proposed improvements 
which I have begun on the station property before leaving.” 

“Thanking your Honorable Body for past consideration, I 
remain, Yours truly, 

W. FRANK CROWLEY.” 


The resignation was duly accepted, and an election 
to fill the vacancy thus created resulted in the unan- 
imous choice of Harvey H. Griffin, at an annual salary 
of $900. Mr. Griffin graduated from The State Agricul- 
tural College of Colorado in 1888. From that time until 
now, he has been actively engaged in station work. He 
assumed charge of the sub-station at Rocky Ford, March 
1, 1898, and at once began intelligently and vigorously 
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the carrying out of the season’s work as scheduled prior 
to his appointment. His first year’s work promised 
well, but in the very midst of the growing season came a 
destructive hailstorm that made havoc of many of the 
experiments from which such desirable outcome was con- 
fidently expected. I am confident that, under usual con- 
ditions, the future work of the station will meet the rea- 
sonable expectations of the public. 

A part of the land belonging to the station has been 
leased, as the total acreage was not needed for the 
proper carrying on of the scheduled station work. At 
a meeting of the Executive Committee, held August 30, 
1898, Chairman Kellogg was authorized to re-lease the 
land, unused by the station, to Francis Harson. 

For the year, closed June 30, 1898, the expenditures 
were as follows :— 


SUpPerintendent Sw Sala we vic rect iciateleelereiaioheatarelerenter tells $833.33 
TUADOL” oi. swine waisersie heese Se islets wv steele eetebe tees oe alcle ee 976.96 
Other OXPeSN SOS Meare .ceciwisss @ soisovee Teentaal etree is 387.28 
TOtal . .j02.+0c cents eer heae eee ee maremetere $2,197.57 


Farm sales, for the same year, amounted to $519.69. 


Divide Station—This station has not been operated 
as an experimental farm since March 31, 1896, since 
which time it has been leased to W. A. Diebold, of Table 
Rock, who has proved a prompt-paying tenant. The sta- 
tion Jand, forty acres, is rented for $40 per annum, the 
tenant making repairs and improvements at his own 
charge. ‘The station house is in bad condition but the 
barn and sheds are in good repair. The cottonwood trees 
have maintained their reputation for hardiness but the 
apple and cherry trees have died. A  seventeen-acre 
tract of land, sown to wheat April 8-11, yielded 18 
bushels to the acre. A six-acre barley field gave a yield 
of over 11 bushels per acre, from seed sown May 24. 
The potato crop, from a four-acre field planted May 18- 


23, proved of little worth, the yield not exceeding 1,000 
pounds per acre. 7 


SOME COLLEGE BUILDINGS—EAST FRONT. COTTFAaR AWE 
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The San Luis Valley Sub-Station—The station land, 
180 acres, had been leased to J. H. Stone who has fur- 
nished some statements of crop production. Thirty-eight 
acres, of the east &0-acre tract, produced 1,405 bushels 
of oats of good quality. The rest of said tract gave two 
tons of field peas per acre. Nine acres of alfalfa land 
produced 18 tons of hay. The west 80-acre tract, sown 
to wheat, gave a yield of 30 bushels per acre. 

Rent receipts from this sub-station amount to $161; 
the year’s expense—water rent—is reported to be $25. 


The Delta County Sub-Station—A_ sub-station in 
Delta county was authorized by act of the Legislature 
approved April 4, 1887. No steps looking to the estab- 
lishment of a station were taken until about two years 
ago when a 40-acre tract of land, eligibly located and 
well adapted to fruit culture, was donated to the college 
authorities, having ultimate control of station work, by 
Delta county. Then effort was made, without avail, to 
secure a legislative appropriation to enable the Govern- 
ing Board to open the station for the prosecution of that 
experimental work of greatest value to the people of the 
Western Slope. 


The following action relating to the land donated 
by Delta county for the establishment of an experiment 
station was taken by the Executive Committee at its 
April meeting, 1898 :— 

“Whereas, The State Legislature has entirely failed to aid 
The State Board of Agriculture in the maintenance of experi- 
ment stations located in different parts of the State; and 

“Whereas, It is in direct violation of the spirit of the law, 
as construed by the Department at Washington, for any portion 
of the money derived from the so-called Hatch Act to be expended 
upon outlying sub-stations; therefore, 

“Resolved, That the Secretary be instructed to notify the 
County Commissioners of Delta county that, for reasons above 
given, The State Board of Agriculture is unable to comply with 
the (at least implied) contract to keep up an experiment station 
in Delta county and that it is the sense of the.Executive Com- 
mittee of The State Board of Agriculture that all holdings of said 
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Board, derived from said Delta county for the purpose of estab- 
lishing an experiment station, be deeded back to the proper au- 
thorities of said county, if their wish is to receive the property.” 


At the semi-annual meeting of The State Board of 
Agriculture, held June 1, 1898, the following action was 
taken 


“Resolved, That the President and Secretary of The State 
Board of Agriculture be and they are hereby authorized to exe- 
cute a deed to the County Commissioners of Delta county, Colo- 
rado, for the south-east quarter of the south-west quarter of 
section thirty-five, township fourteen, south of range ninety-five 
west of the sixth principal meridian, being the forty acres of 
land deeded by said county to The State Board of Agriculture 
for an experiment station, together with a transfer of the water 
stock thereto belonging.” 


The deed authorized in the resolution has been 
drawn, properly acknowledged, and forwarded to Delta 
county. Thus eleven years of ineffectual effort to make 
provision for experimental work in fruit growing in 
Western Colorado have come to a close. 


The Rainbelt Sub-Station—This station, established 
at Cheyenne Wells nearly five years ago, has had an un- 
eventful history. The advisability of opening a station 
in the “arid region” is a question about which “much 
might be said on both sides.” The so-called rainbelt 
district of Colorado is of considerable extent and con- 
tains soil of acknowledged fertility. Stockmen have 
used the most accessible and promising portions of it 
as grazing fields for their herds but, until recently, no 
efforts worthy of consideration have been made to test 
the adaptability of the plains of Eastern Colorado for 
the homes of an agricultural people. The prime object 
of the work in Cheyenne county is to settle, as far as 
intelligent, scientific investigation can give answer, the 
questions of most importance to the people of a semi- 
arid region. . If any considerable portion of lands now 
regarded as well-nigh valueless can be shown to be fit 
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for the homes of an industrious, frugal people, a result 
worth the cost of station maintenance for many years 
will be reached. 


After the gubernatorial veto, two years ago, of a 
bill making provision for the support of this station by 
money taken from the general revenue for college sup- 
port, the following action was taken by The State Board 
of Agriculture, at a special meeting held April 20, 
1897 :— 

“Ordered, by The State Board of Agriculture of Colorado, 
That the sum of two thousand five hundred dollars ($2,500) be 
and is hereby appropriated out of any available college revenue 
for the support and maintenance of the agricultural experiment 
station located at Cheyenne Wells, Colorado; said appropriation 
being for a period of two years.” 

“The purpose of this action is to set at rest, definitely, the 
statements that have been made by certain parties that the Board 
contemplated the abandonment of said station at Cheyenne Wells, 
or would, in the case of its continuance, fail to give it such finan- 
cial support as would secure the best results from it.” 

“The Executive Committee is hereby directed to make such 
drafts upon the appropriation herein specifically set apart for the 
support of said station as in its judgment may be necessary for 
the full realization of the purport and intent of the order above 
given.” 


There is yet a balance of appropriation, in the sta- 
tion treasury, for the support of this sub-station, amount- 
ing to $481.38. With this sum must be met all expenses 
connected with the sub-station maintenance up to 
March 1, 1899. 

The station expense for the fiscal year, ended June 
30, 1898, may be summarized as follows :— 


Superintendent’s salary............- aden ets ee np 300s00 
PPOs aie cece = eld ole eG alee eee Be et SOI aerate 146.40 
Equipment and incidentals.........-.-0+ssseseees 437.56 

EM) aR i Weacs Bie ee ve TICE SORT MCPD PD OE AEN eRe eg ea $1,383.96 


The sale receipts are insignificant, being only $19. 
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At a recent meeting of your Committee, Messrs. P. 
F. Sharp and B. F. Rockafellow, a sub-committee, who 
had visited the sub-station at Cheyenne Wells, and in- 
vestigated its workings and possibilities, made report as 
follows :— 


“The location being on the Great Plains, about 175 miles east 
from Colorado Springs, where the buffalo and grama grasses are 
abundant, owing to the lack of water and all growth except 
native grasses, indicating its being heretofore the summer range 
of the buffalo and the possibility of its being made the limitless 
range for domestic animals and, if certain conditions are com- 
plied with, the homes of a large population engaged chiefly in 
such pursuits as permanent as agriculture or mining, we deemed 
it our duty to cast about to see if our experimental work is on 
the lines of providing a possible success.” 

“It has been shown to our minds that if the Government and 
the possessor of the land-grant, the joint owners of the country, 
can join, with the railroad as a base line, in sinking bore-hole 
wells on the line between belts of stock range extending back 
for miles, that water, without which the country can not be made 
habitable the year round, can be secured, as is done here, at a 
depth of 3800 feet and in sufficient quantities for domestic and 
stock purposes—then, as proving what kind of development is 
possible to make the home of the future possessors of this vast 
region habitable, we consider the location of this experiment 
station wisely chosen.” 

“We found, by low-trained living apple and cherry trees, five 
years set and of healthy though slow growth through monthly 
stirring of the surface by the cultivator, by a moderate growth 
of alfalfa yielding the second year about one ton per acre, Bromus 
inermis or Russian grass, sorghum, corn, peas, broom corn, 
Kaffir corn, large sweet-potatoes, small but exceedingly rich Irish 
potatoes and melons, and gooseberry bushes in bearing, that there 
is sufficient moisture to promote slow growth and small yield 
where the conditions are made and kept as favorable as pos- 
sible. Thus, it is possible, in this otherwise treeless belt, to make 
living possible, less monotonous, and more enjoyable.” 

“The station having been established only a few years, and 
consequently its work but fairly commenced, we believe in its con- 
tinuance and recommend certain expenditures now necessary.” 

“We deem the location of the station, partly at the foot of 
slopes and thus taking the wash from the higher lands in time 
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of storms, as demonstrating the advantage of such locations 
where any sort of cultivation is aimed at.” 

“The soil of this region being rich, experiments have been 
made with grasses from Asiatic and other arid countries with 
the hope to find some forage plant that will produce larger yields 
than our native grasses, without success so far, except on the 
short-time test of Russian grass of which a good stand has been 
secured. This grass will be anxiously watched to note the out- 
look after the winter has passed. As this forage plant has a 
large blue-grass blade and has so soon shown its kindly adapta- 
tion to this climate, we are hopeful that the cost of this station 
to the Government has, in its growth, already been returned 
manifold, but if not, some other plant filling the requirements 
will yet be found by the pesistent, able efforts of our painstak- 
ing Superintendent, J. EH. Payne, whose studious, industrious, and 
faithful service we most earnestly commend.” 

“Successful experiments in the use of gypsum as a moisture 
retainer, as well as a stimulating fertilizer for making the prop- 
erties of the soil active, have been made, showing in one instance 
60¢ advantage.” 

“The machinery and appliances for testing the Campbell 
Theory are on the ground and their use, part of the season, has 
proved very satisfactory. They will be given thorough use the 
coming season.”’ 


CONCLUSION. 


Our station workers, particularly those of the Home 
Station, have rendered much and acceptable service as 
lecturers before farmers’ institutes, horticultural con- 
ventions, and other bodies whose aims and purposes in- 
tersect the industrial life of the people. 

The station work prosecuted outside of Larimer 
county, in which the Home Station is located, has cost 
the experiment station fund not less than $6,000 within 
the year. The station publications, sent into nearly 
every post-office district of the State as well as to other 
states and foreign countries, made drafts, upon the 
same fund, amounting to a sum but little less than 
$2,000. All station work is designed to promote the 
acericultural interests of the whole State, whether it is 
done at the Home Station, the sub-stations, or elsewhere. 
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Herewith are presented the reports of members of 
the Station Council, in the order in which they reached 
my office; also the reports of Superintendents of the sub- 
stations. 

An early planning of station effort to be put forth 
the coming year is recommended. 


Respectfully submitted, 
ALSTON ELLIS, 
Director. 


Fort Collins, Colorado, December 14, 1898. 


Report of the Section of Botany 
and Horticulture. 


Ve) 


To the Executive Committee of The State Board of Agricul- 
ture: 


Gentlemen—I have the honor to submit the follow- 
ing report on the work of the Section of Botany and 
Horticulture for the year 1898. 

In 1894 the Department commenced a systematic 
test of varieties of orchard and small fruits. The horti- 
cultural work of this season has been mainly a continua- 
tien of this test. Some additions to the lists of varieties 
previously reported have been made. Much of the ef- 
fort of the Department has been required in the care of 
trees and plants set in previous years, and in the main- 
tenance of records that, when compiled on the comple- 
tion of the test, may show the complete history of each 
particular variety. 

In the spring of 1896 a new apple orchard was 
planted with trees from the station nursery. The area 
planted was about five acres, requiring 480 trees which 
represented 140 varieties. The land lies high, the soil 
is good, and the subsoil of such nature that water is not 
retained, but quickly seeps to the lower land adjoining. 
It is dependent for water upon the No. 2 ditch, and for 
the three seasons since the first planting the supply has 
been wholly inadequate for the successful starting of 
young trees. 

The record for 1896 shows that planting began as 
_soon as water was available, April 24, but the next day 
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the water was turned out of the ditch and the remain- 
ing trees were watered, in part from a hydrant and in 
part by water hauled in barrels. The further record of 
irrigation for the season is as follows. May 1 and 2 a 
small stream was obtained and run on about half the 
orchard; May 13 to 15 a run was secured, and again 
June 22 to 25. No water was available during the bal- 
ance of the season. Under these conditions the summer 
loss was considerable, and the living trees entered the 
winter in very poor condition. The winter of 1896-97 
was a very open one; much of the time there was no 
frost in the ground and evaporation was continuous, 
proving destructive to the trees. The planting in 1897 
was practically a resetting of the whole orchard, the 
number of trees required to fill vacancies being 315. 
Two additional rows were added, making the total num- 
ber of trees planted 344. The planting was done May 6 
to 8 and water was at hand until the work was com- 
pleted. From this time until the 14th of June no water 
was available; then we had it for two days, and again 
June 28 and 29, and this was the last obtainable during 
the season. The loss during the summer and winter of 
1897-98 amounted to 115 trees or about 22%, being 
nearly evenly distributed between the trees planted in 
1896 and those planted in 1897. Vacancies were again 
filled this last spring, the work of planting being com- 
menced on May 9 (as soon as the ground was in fit con- 
dition after the storm of April 30 to May 5, during which 
3 inches of rain fell) and was finished on May 11. Be- 
tween planting and the end of the season, water was 
available for but two days, May 23 and 24. On October 
12 water again came in the ditch and continued for five 
days. During this time it was run on the orchard night 
and day, and the ground thoroughly soaked. 

A count of the orchard made last month shows 46 
existing vacancies, 83 of these are among trees set last 
spring, 9 among trees set in 1897, and 4 among trees 
planted in 1896. It is proposed again to fill these places 
next spring. As the orchard now stands it contains 461 
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trees representing 145 varieties, but many of these trees 
show very low vitality and have made very little growth. 

In any assemblage of a large number of varieties it 
is to be expected that some, perhaps a considerable por- 
tion, will prove failures, but under the conditions as 
above outlined the trial of these varieties can hardly be 
regarded as fair, and we are not warranted in condemn- 
ing them. During the past season we have made a spec- 
ial effort in the direction of cultivation, keeping the sur- 
face soil continually loose. This has undoubtedly aided 
in preventing evaporation, but it did not supply the de- 
ficiency which was apparent in the appearance of the 
trees. 

The experience of the three seasons has forced the 
conviction that unless an adequate water supply can, in 
some way be secured, further attempt to establish the 
orchard will be effort thrown away. I have, therefore, 
presented the facts in some detail and would respect- 
fully ask your consideration of the matter. 

The plum orchard is under the same conditions re- 
garding water supply as the apple orchard, but the trees 
have in the main made a reasonable growth, and such 
losses as have occurred are among varieties that have 
proved too tender to withstand the cold of winter. The 
effect of short water supply has, however, been apparent 
among the varieties now fruiting. It was most notice- 
able in 1897 when the crop borne was heavy, but even 
this season when the trees bore only a light crop, the 
fruit was below normal in size. 

This orchard as now platted has places for 601 
trees. There are 58 vacancies, to be filled next spring, 
and 543 living trees representing 153 varieties. These 
varieties are distributed among the different classes of 


plums as follows— 


Troma, June eiakee he epee anor aeoerT ane nope aouuarnor horn onoa ood Cc 71 
ANC GOOSE. LOUD ses nse: - + cee <mnisu poreile wins iriaye siete eiriaiel-iaiaueieteniaintie 24 
PUTS \COMECSTIGA acc ecco ee cele Sireitieiein oe oleiei ole weiniemieniarvieraie wales 30 

17 


JAPANESE BLOUP.. 0+... sees ita dad Saas ARE ero ate ele 
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GIRACASAW ST OUD oir sicieteec ops oie je vcr oie bain oie wiatenninle Hels ein oe tleinieiaijenia == 6 
BCA H.W TI eos joecoinses0 ass aides ope aia reps) pyeyehe elesarese) -iepprojede gat 1s Yate tare tate eheisie a taeie i 


Hybrids, unclassified............:s cece cece eee cece eee eee eens 4 


It is evident from our work thus far with plums that 
the native American varieties are the ones to be relied 
upon for this region. A few of the Wild Goose group 
like Miner and Prairie Flower are hardy and do well, 
and it is probable that a few of the domestica plums, and 
possibly some of the Japanese varieties may after fur- 
ther trial prove valuable additions, but the greater num- 
ber of these last mentioned groups and all of the Chic- 
asaw group, so far as we have tried them, are practically 
worthless for this part of the State, because they do not 
survive the winters. 

Last spring, studies on the blossoming periods, on 
self-fertility, and on crossing were outlined and carried 
_ out. The results are of some value although seriously 
interfered with by the cold storm which prevailed from 
April 80 to May 5. Early varieties began opening flow- 
ers on April 27 and many varieties were sufficiently ad- 
vanced to be badly injured by the prolonged cold, and 
the snow which held to the branches for several days. 
Domestica varieties received the greatest injury; on some 
the fruit buds being all killed, even though still dor- 
mant. All varieties were in some degree injured and the 
light crop can be directly attributed to this cause. The 
work with plums has been made the subject of a bulletin 
which is now ready to be submitted. 

The test of varieties of strawberries and bush fruits 
has been carried on as in years previous, and the records 
accumulated are sufficient to warrant a report on the 
varieties under trial. This matter is now being arranged 
for publication. 

The codperative experiment with the division of 
Forestry of the U. 8. Department of Agriculture to 
test the relative hardiness of forest-tree seedlings as 
grown from seeds produced in different sections of the 
country has been continued this season. As started in 
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1897 there were provided 88 packages of seeds represent- 
ing 11 species from 22 states and Canada. The addi- 
tion made last spring consisted of 52 packages repre- 
senting 9 species from 14 states. The range of climate 
now represented is sufficiently extended to make the test 
an interesting one. Under instructions from the For- 
estry Division the seedlings of 1897 were transplanted in 
May to allow them room for development. The records 
thus far made, while not regarded as conclusive, show 
some interesting results that point strongly to the con- 
clusion that in the matter of hardiness the seedlings 
from northern seed have a decided advantage over those 
from southern seed. It is the expressed intention of the 
Forestry Division to continue this experiment until the 
results justify a positive conclusion. 

The addition of five acres to the forestry plantation 
planned for last spring was deferred owing, as I am ad- 
vised, to lack of funds. For the same reason the help 
necessary to keep the plats free from weeds, and in good 
growing condition could not be employed. No work has 
been done since July, and the plats have presented an 
untidy appearance. There being no water available for 
irrigating, the growth made during the season was small. 
Under these circumstances the advancement of the plan- 
tation has been unsatisfactory and much less encourag- 
ing than for the year 1897. The seedlings received last 
spring were as follows: Maple 5,000, Austrian pine 12,- 
000, Scotch pine 12,000, Bull pine 9,000. Most of these 
were used to plant between the other trees and to fill 
vacancies; the balance being planted in nursery rows. 
Thus far the attempt to grow pines and spruces has been 
a practical failure, but it is hoped that when the nurse 
trees attain greater size, affording protection from the 
sun, these trees will succeed better. I have as yet re- 
ceived no information as to the work contemplated for 
next year. 

In pursuance of the work on a flora of the State and 
for the purpose of adding to our collection of plants for 
exchange, several short trips were made during the sea- 
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son. In May one week was spent in an examination of 
the spring flora of the Western Slope; collections being 
made at Palisades, Grand Junction, and Cimarron. Dur- 
ing the latter part of June and early July two weeks 
were spent in the southern portion of the state, and col- 
lections made at Antonito, Durango, Silverton, Mancos, 
and Rico. This was followed late in July by a wagon 
trip into the mountains west of Fort Collins, and in Au- 
eust one day was spent on Gray’s Peak. At all places 
visited, and when traveling between points, lists of 
plants seen were made, thus adding largely to our rec- 
ords regarding the distribution of native and introduced 
plants. 

Particular attention was given to the grasses and 
forage plants found at each place visited, and lists of 
weeds were also made. 

The number of species now available in quantity 
for exchange exceeds 700 and it is hoped that the her- 
barium can be largely increased through exchanges to be 
made. The importance of a larger and more representa- 
tive collection of North American plants is each year 
/becoming more apparent. The greater the number of 

“species in the collection, the more will it facilitate the 
work of determining the plants sent to us, and this 
feature of the department work is increasing each year. 
Since January first we have named 448 plants which 
have come to us from various parts of the State, and one 
collection of about 100 species is waiting attention as 
soon as time can be spared from other work. Many of 
the plants sent here are acceptable additions to the 
herbarium, and coming as they often do from regions 
not yet visited by the writer they add to our records of 
distribution. 

The number of specimens added to the herbarium 
by exchange during the year is about 2,000. Several 
offers of exchange for the coming year have been made, 
some of which it is hoped we may be able to accept, but 
the available time for work of this character is so lim- 
ited that but few exchanges can be undertaken. 
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The Department has prepared one bulletin during 
the year, No. 41, “Blight and Other Plant Diseases.” 
The blight of apple and pear trees has, in its spread 
westward, reached the orchards of Delta and Mesa coun- 
ties and many inquiries regarding it have been received 
during the summer. 

Colorado orchards have in past years been free from 
fungus diseases, but the diseases which have given the 
eastern growers trouble are gradually coming in, and 
there is a rapidly growing interest in them among the 
fruit growers. Besides the blight, which is caused by a 
bacterium, several parasitic fungi have been sent to us 
from different parts of the State with reports of more 
or less serious injury. Four of these had been previ- 
ously reported from other counties; three had not be- 
fore been reported in the State. The Leaf Spot of black- 
berries and raspberries (Septoria rubi) has come from 
three counties and is said to be doing much damage. 
The Orange Rust of blackberries (Cwoma nitens) and the 
Leaf Blight of the strawberry (Spherella fragariw) are 
reported from several localities. The Powdery Mildew 
of the cherry (Podosphera oxyacanthe) is reported from 
the Arkansas valley, and from the same region four 
growers of cantaloupes have sent a blight disease which 
is said to be doing much injury, and which proves to be 
caused by a species recently described by Messrs. Ellis 
and Everhart as Macrosporium cucumerinum. The An- 
thracnose of the raspberry, and the Apple Scab are also 
reported, but have as yet done no very serious injury. 
These fungus diseases are sure to become very impor- 
tant factors in the business of fruit growing, and as the 
applications for information increase it will be neces- 
sary to make the investigation of these diseases and 
their remedies a more important feature of the depart- 
ment work. 

Respectfully submitted, 


Cc. S. CRANDALL, 
Botanist and Horticulturist. 


Fort Collins, Colorado, December 14, 1898. 
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Report of the Agricultural Section. 
efo 


To the Executive Committee of The State Board of Agri- 
culture: 


Gentlemen—I have the honor to submit the foliow- 
ing report of the work of the Agricultural Section for 
the year 1898. 

The larger part of the time and energies of the Sec- 
tion has been devoted to the investigation of the growth 
of sugar-beets in Colorado. In connection with the Den- 
ver Chamber of Commerce the work has been extended to 
include all those parts of the State that seem at all 
adapted to this crop. A large part of the seed was ob- 
tained from the United States Department of Agricul- 
ture, but some from the Oxnard Sugar Company of 
Grand Island, Nebraska, through the efforts of the offi- 
cials of the Union Pacific, Denver and Gulf Railroad, 
and some from the sugar factory at Rome, N. Y., through 
the efforts of Mr. M. B. Colt, of Alamosa. When near 
the end of the season all these sources had become ex- 
hausted, the Denver Chamber of Commerce purchased in 
open market enough seed to supply the remainder of the 
demands. In all a little over four thousand pounds of 
seed were distributed to two thousand three hundred 
persons. 

The Denver Chamber of Commerce in connection 
with the County Commissioners, or the local organiza- 
tions, offered prizes aggregating nearly two thousand 
dollars to those who raised the best crops of sugar- 
beets. These competitions were confined to the irrigated 
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parts of the State. Seed was distributed, however, to 
many persons outside of the counties where the prizes 
were offered. About forty persons agreed to carry on 
some special tests for this Section, and extended tests 
were conducted on the sub-station at Rocky Ford and on 
the college farm. Thus the work of the season has been 
carried out in four distinct lines. 

1. General tests were made on the growth of beets 
in the unirrigated parts of the State and in some of the 
counties having irrigation but not enough interest in the 
matter to offer prizes for large crops. From this source 
were received ninety-one samples of beets, most of them 
accompanied by full notes on the planting and cultiva- 
tion of the crops and by less satisfactory notes on the 
harvesting and yield. 

2. Records were received from nine counties in com- 
petition for the prizes. It was recognized last spring 
that the time had come when there should be a well or- 
ganized effort to get the most exact information possible 
on the adaptation of the sugar-beet to Colorado soil and 
climate. Nearly all the estimates of previous beet crops 
in Colorado have been based on the yield from a hun- 
dred square feet of ground. It was recognized by all 
that this was too small a plat for commercial estimates. 
It had been adopted because the beet growers disliked 
to spend the large amount of time and trouble neces- 
sary to make exact experiments on a large scale. It was 
seen that some substantial inducement must be offered 
before it could be expected that better results would be 
obtained than those of former years. It was with this 
idea in view that the prizes were offered and the results 
have confirmed the judgment and justified the large ex- 
penditure of time, labor, and money. Seventy-two per- 
sons competed for the prizes and their records form 


such a valuable mass of material that they are included 
in this report. 


3. The work of testing foreign grown seed as com- 


pared with that grown in the United States was under- 
taken. Two of the best German varieties, one of the 
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French, and one of the Austrian were compared with 
one lot of seed grown in Utah and one grown in New 
Mexico. These were distributed to about forty persons 
in all the principal agricultural sections of the State 
and some of the most interesting and valuable results 
have been obtained. The superiority of the Utah grown 
seed was very marked over the seed from which it orig- 
inated, so much so that arrangements have been made 
to grow seed next year on the college farm and at vari- 
ous places throughout the State from some of the beets 
that made exceptionally good returns the past season. 

4. The work at Rocky Ford and the college farm 
was principally along the lines of different times of 
planting, distances of thinning, times of thinning, and 
date of irrigation. About two hundred samples of beets 
were analyzed from these two sources but the results 
have not yet been carefully enough studied to know what 
they indicate. 

In connection with the shipment of eight car- 
loads of beets from Loveland and Fort Collins to Grand 
Island, Nebraska, many samples were taken to ascer- 
tain tare in trimming, shrinkage in shipping, and yields 
from large areas under ordinary farm management. 

It will thus be seen that the work has been con- 
ducted on a larger scale than ever before attempted. 
Some idea of the labor involved can be gotten from the 
fact that my letterbook shows one thousand six hundred 
and sixty-six letters written during the first eleven 
months of this year in addition to several thousand 
mimeograph circulars. To do this in addition to my 
other work would have been an impossibility and extra 
clerical assistance was granted through the five summer 
months. 

The records sent in competition for the prizes pre- 
sent the largest amount of the most reliable reports that 
have eyer been collected concerning Colorado sugar- 
beets. They made such a remarkable showing for the 
State that they are included in this report. They are 
based on the yields of one-sixteenth of an acre. 
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from the crops in an ordinary factory. It is considered 
that this measures the true sugar value of the crop and 
it is on the figures of this column that the order of ex- 
cellence of the various crops is based. 

In the table of averages by counties another column 
is introduced headed “Factory value per acre.” This is 
intended to represent the amount that would be paid for 
the crop at a factory under present prices. It is obtained 
by deducting 10 per cent. tare from the gross weight of 
the crop and multiplying the remainder by the price 
paid by factories during 1898, where the price is varied 
according to the quality of the beets. The prices used 
are: Three dollars and seventy-five cents per ton for 
beets testing from 12.00 per cent. to 14.40 per cent. sugar 
and of less than 78 per cent. purity; $4 per ton for the 
same per cent. of sugar and more than 78 per cent. pur- 
ity; $4.25 per ton for tests from 14.50 to 15.40 per cent. 
sugar; $4.50 per ton for tests from 15.50 to 16.40 per cent. 
sugar; $4.75 per ton for tests of 16.50 or higher per cent. 
sugar. 
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In considering the foregoing tables one is struck at 
once with the high average excellence of the sugar-beets 
of Colorado as regards both quantity and quality. In 
the districts of the United States where beets are raised 
for factories, 12 per cent. of sugar and 78 per cent. purity 
are considered standards and that one who has raised 
ten to thirteen tons of beets per acre has done well. A 
fair estimate of the cost of raising sugar beets is $30 
per acre, while the above table gives $76.67 as the aver- 
age factory value for the whole state. The difference 
of $46.67 profit per acre will compare well with any other 
kind of farming practiced in Colorado, not even except- 
ing the famed cantaloupes of the Arkansas valley, the 
orchards of the Western slope, or the lambs of the north- 
ern feeding districts. 

Among the other subjects considered by this Sec- 
tion, during the year, may be mentioned the feeding of 
sheep and lambs on alfalfa. An experiment along this 
line was conducted on the college farm and data were 
secured on the subject from nearly every person in the 
Arkansas Valley that had tested this method of feeding. 
The results will be ready for issuing as a bulletin early 
this winter. 

We completed our tests of raising early lambs and 
the final report will be made in connection with the 
above bulletin. 

The second year’s test of our three years’ test of 
corn grown from seed from different altitudes and lati- 
tudes was somewhat injured by the early frost the first 
week in September, but it served to emphasize the dif- 
ferences of the plats in their time of ripening. 

We are now engaged in our final tests of feeding en- 
silage and sugar-beets to cows and sheep. 

The bulletins issued by this Section during the year 
have been one, in connection with the Chemical Section, 
on “Sugar Beets in Colorado in 1897” and a technical 
bulletin entitled “Further Notes on Colorado Birds.” 
The collection of data on the above subject was kept in 
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mind during the past season in connection with the trips 
made over the State on the sugar-beet work and almost 
as many additional notes collected as were given in the 
above-mentioned bulletin. 


Respectfully submitted, 


W. W. COOKE, 
Agriculiurist. 


Fort Collins, Colorado, November 30, 1898. 
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Report of the Entomological Section. 
fo 


To the Executive Committee of The State Board of Agri- 
culture: 


Gentlemen—I have the honor to submit herewith 
the annual report of the Entomological Section of the 
Agricultural Experiment Station for the year 1898. 

While this is hardly the place for a detailed account 
of experimental work, I presume it will not be out of 
place for me to call attention to the more important re- 
sults that have been reached. 


EXPERIMENTS WITH THE CODLING MOTH (Carpocapsa 
pomonella). 


The experiments with this insect were chiefly for the 
purpose of determining the comparative values of dif- 
ferent methods of combatting the pest, to determine the 
number of broods in the vicinity of Fort Collins, and to 
compare the results of early with late spraying. 

The three remedies compared were, gathering the 
fallen apples daily to destroy them, catching the larvae 
under bandages put around the trunks of the trees, and 
spraying twice with Paris green. To test the first rem- 
edy, the fallen apples were gathered each morning and 
examined for worms throughout the season. In this 
manner 16% of all worms infesting the fruit of Duchess 
trees and 334% of the worms infesting the fruit of Ben 
Davis trees were taken. By the bandage system 174 
of the worms were taken on all trees up to the time of 
gathering the fruit. 
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By twice spraying with Paris green and estimating 
the benefits by the effect upon the first brood only, it 
was found that 834 were destroyed upon Ben Davis 
trees. The Ben Davis trees were sprayed when the calyx 
cups were still wide open. This work was compared 
with the result on a Duchess tree where the calyx cups 
had closed before the first spraying. The saving in the 
latter case was only 25.4 @. 

The experiments also show quite conclusively that 
there are but two broods of the codling moth a year in 
northern Colorado. 


ORTHOPTEROLOGICAL SURVEY. 


Good progress has been made in a study of the Or- 
thoptera (grasshoppers, locusts, crickets, etc.) of the 
State. Quite extensive collecting has been done in the 
vicinity of Fort Collins, both inside and outside the foot- 
hills. Mr. Ball spent two weeks in the southeastern por- 
tion of the State collecting and studying these insects, 
and the writer made one trip to Delta and Grand Junc- 
tion and another to Marshall Pass, Salida, Palmer Lake, 
and Boulder for the same purpose. Not less than two 
thousand specimens have been added to the station col- 
lection during this work and the number of Colorado 
species in- the collection has been very largely increased. 
It will probably require two or three summers yet to 
bring this work to a fair stage of completion. 

In the fruit-growing districts on the west side of the 
Range I found the differential locust (Melonoplus differ- 
entialis) the chief depredator this summer, though the 
two-lined locust (Melonoplus bivittatus), the red-legged 
locust (Melonoplus femur-rubrum), and a green locust 
(Schistocerca emarginata) were doing decided injury in 
many places. On this side of the Range the two-lined 
locust has been by far the most injurious species. Next 
in importance has been the red-legged locust. These 
two species are the only ones that we have found doing 


very serious harm to cuitivated crops on this side of the 
foothills. 
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EXPERIMENTS WITH SHEEP SCAB. 


Possibly the most important result reached in study- 
ing this disease the past year has been the determination 
of the life history of the mite. Seventy-five eggs were 
taken from the back of an infested sheep and put, in 
about equal numbers, upon the skin of the backs of two 
lambs that were free from the disease. The mites began 
hatching the Ist day and continued until the end of the 
4th day; on the 9th day the earliest hatched individuals 
were mature and were seen in copula; and on the 11th 
day eggs began to be deposited. This would indicate 
that, to cure scab, the second dipping should not be 
sooner than five days after the first nor should it be 
postponed longer than ten days. Otherwise there will 
probably be some eggs upon the sheep, unhatched when 
the second dipping is made. 

The experiment also shows the time required for the 
full round of development from egg to egg again is four- 
teen or fifteen days, as the oldest mites in the experi- 
ment came from eggs that were ready to hatch when 
first transferred and hence must have been about four 
days old when the observations began. The transfer of 
the eggs was made by the writer and the observations 
upon the sheep were made by Mr. E. D. Ball. 


TESTING INSECTICIDES. 


“Woodbury’s Summer Spray” and “Woodbury’s 
Kerosene Emulsion’ were tested to determine their 
value for the destruction of insects, the samples being 
sent gratis by the manufacturers. The emulsion was of 
good quality, diluted readily, did not separate badly, 
and was used with satisfactory results upon plants for 
the destruction of plant lice. The “Summer Spray” 
which the manufacturers recommend for the destruction 
of “all insect pests” and which they guarantee to give 
better results than can be obtained from arsenical solu- 
tions, proved to be perfectly harmless to those insects 
to which it was applied. It was tested upon plant lice, 
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cherry slugs, and three species of cabbage-feeding cater- 
pillars; namely, Pieris rape, Plusia brassice, and Mam- 
estra picta, without any apparent discomfort to the in- 
sects. The manufacturers say of this spray that it “is 
absolutely non-poisonous” which probably accounts for 
its failure to harm the insects that ate it. 


EXPERIMENTS IN THE APIARY. 


The experiments in the apiary this year were chiefly 
with different kinds of foundation, including the arti- 
ficial drawn foundation manufactured by The A. I. Root 
Company, of Medina, Ohio, with plane sections and with 
fence’ separators. 

One question that has long been a matter of dispute 
among beekeepers seems to have been settled beyond 
farther question and that is in regard to bees removing 
wax or foundation from one place and using it in an- 
other. The experiments proved beyond question that 
this is done. When the bees were given heavy founda- 
tion to build comb upon, it was always thinnned but the 
amount of thinning varied rather widely. In some cases 
nearly half the weight was thinned away. Where the 
artificial drawn comb was used it had the septum, which 
is thinner than in natural comb, thickened by the bees, 
but the thickening was in spots and not evenly spread 
over the surface. It was also observed that the bees ac- 
cepted the artificial drawn comb more readily than they 
did the ordinary foundation. They also built it rather 
more firmly to the sides and bottom of the section leav- 
ing fewer holes as passage ways. 

The plane sections and fence separators gave ex- 
cellent results. When filled with honey, the sections 
were particularly handsome in appearance and well 
filled out about the margins though the average weight 
was a little below the average in the old-style section 
Which is notched above and below for a bee-space. 
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INSTITUTE WORK. 


I have, during the past year, attended and delivered 
addresses at two meetings of the State Bee-keepers’ As- 
sociation, at the annual meeting of the State Board of 
Horticulture, and at two institutes, one held at Delta 
and one at Grand Junction. 


INSECT COLLECTION. 


Without making an actual count, it will be safe to 
say that more than 10,000 pinned insects have been 
added to the insect collection during the year, and far 
the greater part through the efforts of my assistant, Mr. 
E. D. Ball. These insects are chiefly in the orders He- 
miptera and Orthoptera. 


BULLETINS. 


Two bulletins, Nos. 48 and 47, comprising 100 pages, 
have been issued from this Section during the past year. 


Very respectfully submitted, 


C. P. GILLETTE, 
Entomologist. 


Fort Collins, Colorado, December 8, 1898. 
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Report of the Chemical Section. 
fo 


To the Executive Committee of The State Board of Agri- 
culture: 


Gentlemen—The work of this Section has been con- 
tinued in the lines indicated in my former reports. The 
Station Laboratory was moved into the new building in 
June last. The station work was, of course, interfered 
with to some extent by the moving from one building 
to the other and the accompanying delays subsequent 
to such changes. 

The work on the bulletin entitled “A Soil Study,” 
of which Part I. has already been published, has ad- 
vanced at a fairly satisfactory rate considering the inter- 
ruptions to which it has been subjected. The field work, 
in this connection, has been prosecuted this year, as it 
was last, on the plat of ground set aside for this purpose. 
Last year sugar-beets constituted the crop chosen for the 
experiment. The cultivation of the crop has again been 
carried on by this Section. The chief object has been 
the study of the effects of manuring with good, well- 
rotted sheep manure as compared with no manure or 
dressing of any kind, and with a dressing of straw, cut 
the length of about one inch. The study of the water 
level and the chemical composition of the ground water 
has been continued up to the time of harvesting the crop. 
The results of the study of the composition of the ground 
water, the composition of the soil, and the effects of the 
manuring upon the crop and soil will be recorded in a 
bulletin entitled “A Soil Study,” Part II. This bulletin 
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will conclude the work of the Section on this subject. 
The time through which the study will have extended 
is shorter than desirable from many points of considera- 
tion, but I will have attained my object in undertaking 
the study, and as other work is waiting to be undertaken, 
it seems advisable to conclude this, or at least to record 
the work already accomplished and leave the further 
study of it till another time. 

During the year, codperative work on the general 
culture of sugar-beets has been carried on jointly with 
the Agricultural Section. Much of this work is the en- 
largement of the work recorded in Bulletin No. 46. 

I have undertaken, in co6peration with the Botan- 
ical Section, to study the composition of the grasses 
of the State. The volume of my work will probably 
force me to confine this to a smaller number of species 
than may be desirable. But as this is a study which I 
have long considered as one which it is very desirable to 
make, I shall endeavor to give it as much time as can 
possibly be commanded for this purpose. A_ bulletin 
has already appeared on this subject, but new and fuller 
analyses seem desirable, therefore, I have most will- 
ingly consented to undertake the work, especially as I 
believe that the subject of our native forage plants is 
as worthy of our study as our cultivated crops. 

A. considerable amount of work on the artesian 
waters of the San Luis Valley has already been com- 
pleted and should, I think, be published as an indepen- 
dent bulletin as soon as the remaining work can be com- 
pleted. 

The new Station Laboratory has proven to be very 
convenient and well adapted to the purposes for which 
it was intended. A definite measure of the volume of 
work accomplished by the Section may be conveyed by 
the fact that the number of determinations made be- 
tween December 1, 1897 and December 1, 1898, amounts 
to thirty-nine hundred, which is to be considered in con- 
nection with the outdoor work done by my force and 
the delays caused by our moving from the old building 
into the new one. 
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I would not commend any increase in the working 
force at the present time, but I earnestly urge that it 
be maintained at its present number and that the sal- 
aries of the junior assistants be increased to at least six 
hundred dollars per annum, which is only a fair com- 
pensation for their services. 


Respectfully submitted, 


WM. P. HEADDEN, 
Chemist. 


Fort Collins, Colorado, December 9, 1898. 
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Report of the Section of Meteorology 
and Irrigation Engineering. 
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To the Executive Committee of The State Board of Agricul- 
ture: 


Gentlemen—The scope of the work of this Section 
is too well known to need recapitulation. Nevertheless 
its work touches that of the College in the correspond- 
ing Department under my charge in so many ways that 
the work of one can scarcely be mentioned without con- 
sideration of the work of the other and their mutual re- 
lations. During the year the work of this Section has 
been carried forward as close as possible to the general 
plan, and as much accomplished as the time and means 
at my disposal would permit. From some of the work 
conclusions of immediate value may be drawn during 
its progress, as is the case with determination of the 
seepage gains and losses from streams and canals; while 
much more requires investigations extending over sev- 
eral years and much labor in working out the results to 
obtain the most valuable results. 

In a general way, it may be said that about 450 
linear miles of streams have been measured during the 
year to determine the gains or losses from seepage, and 
about 100 linear miles of canals and ditches measured 
to investigate further the amount of losses from canals 
and ditches. The ordinary records in meteorology, 
in stream flow, in evaporation have been maintained 
in the vicinity of Fort Collins. Records from a number 
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of voluntary observers and the sub-stations have been 
regularly received and reduced. Most of these are near 
the water shed of the Cache a la Poudre river, but others 
- have become necessary by the other investigations in 
progress. A study of the sub-surface waters in their re- 
lation to the surface applications by irrigation has been 
begun. A series of observations to determine the 
amount of water used in irrigation and to study the 
methods of irrigation has been commenced in other parts 
of the State. It has long been evident that the observa- 
tions and measurements on the use of water in the 
Poudre valley needed to be checked by measurements 
under other conditions and in other parts of the State. 
The lateness of the season before this latter work could 
be undertaken give the results for only a part of this 
year, but forms a point of departure for the work of the 
coming year which by being begun earlier can be organ- 
ized on a more extensive scale without material increase 
in cost. 

In the prosecution of this work there has been some 
3,000 miles driven by horse; some six or eight thousand 
miles of railroad travel, and several hundred miles by 
bicycle. No attempt has been made to keep account of 
these distances, but this estimate is believed to be below 
rather than above the sum total traveled by myself and 
assistants, 

Three bulletins have been prepared during the year 
and seen through the press. The charts, diagrams and 
maps needed for the study of the data relating to a num- 
ber of other topics are prepared, and many of those 
needed for use in future bulletins, several of which are 
quite advanced in their essential preparation. The 
amount of material now on hand furnishes the founda- 
tion for a good many. Ten years of continuous service 
was closed during the summer. There are thus ten years 
of observation carried on under the same plan and with 
the same purpose in view. In a number of cases the ac- 
cumulation of at least ten years data has seemed desira- 
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ble before attempting to seriously discuss the observa- 
tions and their lessons. The termination of this period 
now renders it possible to enter upon the reduction and 
discussion of certain of these lines with available oppor- 
tunity. 

Several years ago I took occasion to visit the irri- 
gated regions of France, Italy and Algeria, to observe 
their conditions and learn what lessons drawn from 
their long experience would be applicable to our condi- 
tions. It was evident then, and the several years that 
have since elapsed have strengthened the conclusion, 
that in many ways our development under irrigation 
conditions is parallel to theirs, but that our experience 
is developing within a shorter period. I have gradually 
collected nearly all the works which would aid in the 
study of their irrigation, and have constantly planned to 
utilize the results of that visit before again passing over 
their ground to study some phases not sufficiently studied 
when there before. I am more than ever convinced of the 
desirability of studying their experience and rendering 
it available to save some of the mistakes which are con- 
stantly being made. The experience of the older coun- 
tries long might have prevented the commission. 

The correspondence of the year has increased con- 
siderably. The letter copying books show that the let- 
ters sent out have required about 1,200 letter pages. The 
inquiries received cover several phases of the irrigation 
question, and have been received from many states and 
many foreign countries. One day’s mail this fall brought 
letters from Alberta and the N. W. Territories of Can- 
ada; from Scotland; France; and the province of 
Oudh, India. The correspondence received during the 
year includes Ontario, New Brunswick, Nova Scotia; 
England, Holland, Germany; Mexico and Peru; Algeria, 
Italy; Western Australia; Victoria; New South Wales, 
New Zealand, and Russia in addition. 
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METEOROLOGY. 


The meteorological observations have been main- 
tained with no material change. The intent has been to 
record the elements important in Agricultural Meteorol- 
ogy. These include rainfall, moisture, humidity, tem- 
perature, cloudiness, evaporation, wind, air pressure, soil 
temperature, etc. Such observations need to be main- 
tained for a series of years before the averages are of 
any great value in determining the normals for the cli- 
mate. 

To determine our rainfall normal at this place, we 
now have twenty years’ observations for most months. 
The normal thus obtained for the whole year is 13.26 
inches. Treating the observations by the method of least 
squares, it is found that it is an even chance that in a 
longer series of years, the normal is .62 greater or less 
than this. It is thus probable that with a longer series 
of observations the annual will not be found to be lower 
than 13.24, or more than 14.24 inches. For single years 
it is an even chance that the total will be as low as 11.64 
or as great as 16.08 inches. 

In a number of special lines, some attempt has been 
made looking forward to special study for separate ap- 
plication as to soil temperatures, evaporation, etc. The. 
character of the observations themselves has been shown 
in the annual reports hitherto given up to 1891, after 
which date, according to the request of the Director as 
stated in the report for 1893, they were omitted. 


SUNSHINE. 


In the Agricultural applications of Meteorology, as 
well as from its climatic and sanitary aspects, the amount 
and intensity of the sunshine, is one of the most import- 
ant of the elements to measure. The energy which ex: 
hibits itself in the growth of plants, is derived principally 
from the heat received from the sun and is converted 
into the forms of plant growth. The relation is obscure, 
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but there is no question but that there is such a relation, 
and the only way to find it is to make attempts with 
that purpose in view. Records of the sunshine have been 
maintained during the past nine years, but available 
time has not permitted the measurements of the sheets, 
except those of a few years. There is now enough data 
on hand to warrant a more careful study. During the 
past summer some progress was made in measuring and 
reducing these measurements with the intention of bring- 
ing the ten years’ observations, with the several years’ 
records at the sub-station, into form for publication in 
a bulletin on “Sunshine in Colorado.” The records are 
not completed, and probably a couple of months of con- 
tinuous work will be required to complete the measure- 
ments, and at present without additional help, this can- 
not be done. 

Observations along the same line to determine the 
intensity of sunshine have been carried on for some 
years. Additional observations to determine the inten- 
sity at high elevations were made at altitudes of 9,000 
feet and over 14,000 feet during the summer, but were 
incomplete, from the disabling of one set of actinome- 
ters, and from taking but a short “vacation,” in which 
such observations could be made. We now have suffi- 
cient data to make an instructive bulletin and probably 
to clear the ground for more systematic work along the 
related lines. 


SOIL MOISTURE. 


Early in the year, an instrument of the Whitney 
pattern, to determine the temperature and amount of 
moisture in the soil was ordered, and the instrument was 
received in the summer. The instrument is intended to 
determine the temperature by the ‘change in electrical 
resistance with the change in temperature, the material 
used being a solution of salt. The amount of moisture 
is also determined by its effect upon the electrical re- 
sistance, the less the moisture the greater being the re- 
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sistance. An alternating electric current is used and 
the resistance found by the use of a rheostat. 

Before placing the instruments in the soil, it seemed 
desirable to thoroughly test the tabulated temperature 
corrections, and determine the accuracy of the appara- 
tus. The resistance of these temperature cells ranges 
from 1,400 to 2,000 ohms, at 60°, and the change for one 
degree of temperature is from 5 to 20 ohms per degree, 
within the range of our temperature changes. As this: 
is a variation which can be determined by ordinary 
means of measurement, it was at first hoped that these 
instruments would furnish the means for much more 
sensitive determinations of soil temperatures than the 
thermometers hitherto in use, and when once provided 
with a rheostat box, the expense of additional tubes 
would be nominal. The accuracy has not, however, been 
as great as hoped for. 

Probably three weeks were taken in these tests by 
Mr. Stannard. The results were disappointing so far as 
leading to any very accurate results. Single readings 
varied at times over two degrees from the correct tem- 
perature. 


WATER SUPPLY. 


Continued record and study has been made on the 
Poudre river, the stream nearest to our door and which 
is typical of the streams which supply nearly all of the 
water for irrigation in Colorado. Its study has thus 
been of more than local application. We now have fif- 
teen years of continuous record, for most of the time 
made with the self registering instrument, and thus 
have not only a longer but a more complete record than 
any other stream in the West. Additional attention has 
been given during part of the time to the questions per- 
taining to the watershed, and rain-gages have been put 
in the hands of observers who would furnish observa- 
tions on rainfall. It has been difficult to find people 
who lived where such observations were desirable, 
and to find those who would be interested in tak- 
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ing them. But the data thus obtained is of value not 
only for this stream, but as an indication of the fluctua- 
tions in the other streams in the State. The general con- 
ditions which cause high or low water are more than 
local, so that it is often the case that the various streams 
reach high water on the same day. 

The sheets on the instruments have been changed 
weekly, requiring a visit to our rating station, which is 
about fourteen miles from the College. The results of 
these weekly records have been furnished in manu- 
script or mimeograph copies to the papers in northern 
Colorado, and for a portion of the year, through the 
courtesy of the Fort Collins Courier, printed slips have 
been sent to other papers. The reports have been fur- 
nished to the papers in northern Colorado and to a num- 
ber of ditch companies or those specially interested in 
the distribution of water. Altogether 28 of such weekly 
reports have been issued. These have been printed 
widely in the local papers and in the Denver dailies, and 
occasionally in papers as far south as Pueblo. The 
weekly distribution of the report has thus sometimes 
reached as high as 150,000 copies. These reports were 
begun some five or six years ago as a matter of accommo- 
dation to the local irrigation interests. As the printed 
slips have been furnished gratuitously, I could not urge 
the printing office to lay aside profitable work to print 
them. In consequence the reports have sometimes not 
been distributed until too late in the week to reach some 
journals before their day of publication, and therefore 
have not been as useful as they would otherwise have 
been. 

There is no good reason why these,slips should not 
be printed as special bulletins of the Experiment Station, 
and thus distributed under the Station frank. By so 
doing a small sum that is now expended for postage can 
be paid to the printing office, and we can consistently ex- 
pect that the printing will be done promptly. Thus with- 
out greater expense than at present they may be made 
more useful, and the distribution can also be made more 
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widely than at the present, when from 40 to 80 copies are 
distributed weekly. 

A portion of the last weekly bulletin of the year of 
more than ephemeral value is herewith given. 

“The year 1898 has been exceptionally low in its 
water supply. The small amount of snowfall in the 
mountains last winter gave indication of this and the 
little which fell early in the winter gave reason to expect 
that the late water would be unusually low, unless main- 
tained by storms. These were the general features of the 
year, and while the rains of May were abundant the dry 
ground absorbed a large proportion of the rainfall, and 
a relatively small amount reached the river. Fortun- 
ately, storms have helped out the year to some extent on 
the Poudre, but not so much as on the Arkansas; never- 
theless the stream has been abnormally low. 

Since the early settlement the areas of forest have 
become much less from fires, and by denudation for min- 
ing and railroad purposes. The amount used for domes- 
tic purposes is of small importance, except as careless 
and irresponsible cutting gives conditions favoring the 
start and spread of the devastating forest fires. From 
the standpoint of the water supply on which our agricul- 
ture depends, the protection of the forests becomes of 
vital importance. The protecting influence of the forests 
on the snow cover is of the greatest importance. The 
Jetting in of the sun and wind melts and evaporates the 
snow without sensible formation of water, dries the 
springs and lessens the amount of water available for 
use. It is safe to say that with the former forest cover, 
even with the small snowfall and little rainfall of the 
past year, the low stage of the river would not have 
fallen to 34 feet as it did this year. It would have been 
several times more, for the innumerable small springs 
would have continued their supply. If the forest cover 
continues to be removed, autumns of low water like the 
present will cease to be exceptional, but become the rule, 
the river will be lower than it has been this year, and 
may become as dry as some of its tributaries. 
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During the current year, starting with an average 
of 184 second feet for the week ending April 26, the river 
rapidly rose after the middle of May. The highest of the 
year was the week of June 21, which averaged 1548 feet. 
Then the river rapidly dropped, the next week to 1200 
feet, and the week following to 744 feet. By August 1, 
there was only 220 feet. Early in September there was 
only 100 feet, and by October 1 it had reached the un- 
precedented low stage of 34 cubic feet per second. After 
a couple of weeks the early snows in the mountains had 
the effect of raising the river. 

In comparing with previous years it is instructive 
to compare with the high water and with the average 
for the whole season. 

Taking the record by years, the closing dates of the 
weeks of high water and the average for the week have 
been given as below. The dates of high water are the 
resultant of the amount of snow, the periods of warm 
weather, and the effects of rains, and no attempt to dis- 
tinguish the causes is made. 


Year. Week Ending. Average for Week. 
URE 6 docneadae bowtcroEe TOG alCh Bem Gee a Gor ured AR COREA RROOSO OCR ARGS 6 5071 
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The average for the 27 weeks of 1898, from April 
26 to November 1, has been 451 cubic feet per second, 
an amount less than for any other year of which we have 
record except 1888, when the average fell to 400 cubic 
feet per second. After the middle of July the river fell 
lower than in 1888, the higher average being due to the 
higher water in May and June. 


For the period of 27 weeks the record in the different 
years has been as follows: 


Year. April 26 to Nov. 1. 
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The year 1898 has thus averaged but little over one- 
fourth of the amount received in 1884 for the correspond- 
ing time and if deduction be made of the water received 
from other watersheds it would be less than one-fourth. 

The river water of 1898, during this 27 weeks, if ap- 
plied to the whole of the irrigated area of the valley, 
which may be called 130,000 acres, would cover it to a 
depth of about 16 inches. The rainfall during the same 
time has been about 8 inches, or the total moisture has 
amounted to about 24 inches, which would be increased 
by the amount stored in the various reservoirs during the 
winter and spring.” 
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It has been increasingly evident that in the study 
of many of the questions of irrigation, a simultaneous 
study of the water conditions below the surface of the 
soil, and of the quantities and times of application of 
water at the surface is needed. It was mentioned in the 
last report that continuous records had been maintained 
for several years of the height of the ground water in 
a disused well, and records on small holes of a moderate 
depth near by. During the present season, a similar 
trial has been made on a larger scale, a series of wells 
extending to the foot hills four miles away, being taken. 
Wells already sunk were used. Their elevations were 
obtained by running a line of levels connecting them. 
The distance from the surface of the water was deter- 
mined weekly. The uppermost well was above irriga- 
tion ditches. The trial was tentative to find out the 
character of the questions involved and to determine 
what might be expected to be settled by such an in- 
quiry, if carried out more fully. Enough is found to 
show that valuable information can be obtained by ex- 
tending such an inquiry over a more extended area and 
made more complete, according to the topography, ex- 
amining at the same time the canals and the irrigation 
records of the tracts. Such a record is very desirable 
in connection with the duty of water in irrigation and 
before the last word is said on the subject, such an in- 
vestigation wili be necessary. 

The following table shows the weekly changes in 
level in the water surface. Some of the more marked 
changes of level are due to the irrigation of lands near 
the well. 

Poore’s well is above all irrigation, and as shown in 
the notes the water table is a considerable distance from 
the surface of the ground. 
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MEASUREMENTS OF WATER SURFACE. 


(IN FACT.) 


An- 


+. 
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-00 
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-08 
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Date. Miller’s. Parsons. Harris. Zenner. drews. Ward’s. Poore’s. 
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November 1..— .05 — .10 — .30 — .06 — .03 - 
November 11..— .27 — .22 — .50 + .43 + .40 4+ 
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Miller’s well, observations generally taken 8-9 a. m. Distance 


to 


water from point 2 in. above ground at first observation, 11.81; at last 
observation, 11.18. 
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Parsons’s well, observations generally taken 8-9 a. m. Distance 
to water from point 3 ft. above ground at first observation, 20.96; at 
last observation, 19.83. 


Harris’s well, observations generally taken 8-9 a. m. Distance to 
water from point 8 ft. 6 in. above ground at first observation, 23.85; at 
last observation, 21.56. 


Zenner’s well, observations generally taken 8:15-9:15 a. m. -Dis- 
tance to water from point 3% ft. above ground at first observation, 
11.96; at last observatien, 6.42. 


Andrew’s well, observations generally taken 8:30-9:30 a. m. Dis- 
tance to water from point 3 in. above ground at first observation, 
20.11; at last observation, 21.44. 


Ward’s well, observations generally taken 8:40-9:40 a. m. Dis- 
tance to water at first observation, 4.58; at last observation, 4.69. 
Measured from point about 6 feet below general surface level. 


Poore’s well, observations generally taken 9-10 a. m. Distance to 
water from point 3 in. above ground at first observation, 29.98; at last 
observation, 30.34. 


DUTY OF WATER. 


Observations have been continued looking toward 
the further determination of the amount of water used 
in irrigation. These have included the continuance of 
the observations on a farm of 160 acres under the di- 
rection of J. H. McClelland of Fort Collins, devoted to 
mixed crops and on a native meadow belonging to Capt. 
W. M. Post of Fort Collins, both of which have been 
used for this purpose for the past eight years. Owing 
to change of management, other farms in the vicinity 
of the Agricultural College used in previous years were 
not used for this purpose this season. Three of the in- 
struments which have been used to record the amount 
of water were transferred to the Arkansas valley. We 
were then fortunate in obtaining the aid of some of the 
most successful and widely known horticulturists in the 
valley. Measurements were maintained at Cation City 
on one of the largest orchards of that region, belonging 
to Hon. B. F. Rockafellow, also on a part of the Fred- 
erica mesa under the Bessemer ditch near Pueblo; at 
Rocky Ford on a portion of the fruit farm belonging to 
Hon. J. H. Crowley, on a portion of the sub-station 
farm of the Experiment Station under the superintend- 
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ence of H. H. Griffin; and at Holly on the newly estab- 
lished fruit farm of W. F. Crowley. 

The valley at Cafion City is at the base of the mount- 
ains, and is widely known for its fruit interests. The 
orchard of Mr. Rockafellow is one of the oldest and 
finest of that region. It is devoted to apples, cherries, 
grapes, etc., principally, and has been in bearing for sev- 
eral years, its commercial success being well known. 
The water used on 41 acres was measured. A flume was 
put in place and a recording instrument, being attended 
by Philip Sheridan, who had immediate oversight of the 
place and attended to its irrigation. The soil is heavy. 
Across the river on the south side the soil is of quite 
a different character, being much lighter. It was hoped 
to conduct similar measurements under those conditions 
at the same time, but the lateness in organizing the 
work precluded an attempt this year. Arrangements are 
made for next year, however, whereby it is expected to 
have the use of the fruit lands on that side in com- 
parison. 

In addition, the Fruitland Ditch Co. at Canon City 
were kind enough to supply full information of the 
amount used by them day by day throughout the year, 
and also for the previous years since their pumping plant 
—said to be the largest west of the Missouri river—has 
been in operation. ; 

The fruit farm of J. H. Crowley at Rocky Ford is 
well known. A portion of mature trees, including apple, 
plum, cherry, peach, is situated close to one canal, not 
convenient for measurements. A part, about 23 acres 
above the canal mentioned but below another canal, was 
more conveniently located for such purpose. This por- 
tion, planted to fruit for a few years, was kindly fur- 
nished by Mr. Crowley. 

This orchard gave one of the clearest instances of 
the effect of cultivation in conserving moisture as shown 
by its effect on the growth of the trees that I have seen. 

The Experiment Station farm or as much as Could 
be supplied through one measuring box was used, and 
the record kept by Mr. Griffin. 
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On the Frederica mesa a tract of 219 acres was 
kindly placed at our disposal by the kindness of Mr. C. 
K. McHarg. A box was put in place by Mr. Hawley and 
the measurements made by Mr. Petrie. 

Mr. W. F. Crowley, the superintendent of the Ar- 
kansas Valley sub-station in 1897 and formerly well 
known as a young horticulturist of great activity and 
promise, started an orchard on the plains north of Holly 
and under the Amity Canal early in the Spring. I had 
happened to see the tract of land as it lay in unbroken 
prairie but a short time before. It is generally believed 
that the need of land for water becomes less after a few 
years. This was an excellent opportunity to observe the 
change, if any from the first use of water. Mr. Crowley 
took a keen interest in the attempt, putting in the box 
and caring for the instrument. Mr. Crowley is a skillful 
irrigator and the results of the measurements will be of 
great interest. As there had been no previous irriga- 
tion given in the immediate vicinity, it affords a model 
case of original irrigation. The only draw-back is that 
it is over 300 miles from the Home station, and the op- 
portunities for examination are not so frequent as de- 
sirable. 

A survey and topographical map has been made of 
each of the tracts thus used during the past year, and 
will form the basis of the more detailed measurements 
for the next year, which is hoped to begin earlier in the 
year, in order to include all of the irrigation season. 

None of the measuring weirs or instruments could 
be put in place as early the past season as desired, as 
the question whether funds could be used for the pur- 
pose was not decided until July. 

By that time the most important irrigations of the 
season were over, and the results that we obtained are 
only for a portion of the year. They however will show 
the amount of water used in these special irrigations and 
give means of estimating the amount used for the whole 
season. They will insure that tracts with boxes in place 
will be ready for next season’s operation. These meas- 
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urements need to be carried on more extensively and are 
very desirable to extend. 

In addition to the tracts above mentioned, the in- 
formation from other sources, as from ditch companies 
that maintain a system of measurement will materially 
increase the amount of data available. 

At this date the observations resulting are not re- 
duced and the results of the determination cannot be 
given. We have now some six years’ continuous obser- 
vations since the Bulletin 22 on “The duty of Water” 
was published in 1892, enough to warrant another and 
more extensive investigation of the data at hand. 


SEEPAGE MEASUREMENTS. 


We have made in round numbers some 1,200 linear 
miles of river measurement to determine the loss or gain 
from seepage, since bulletin No. 33 was published on this 
subject in 1896. These measurements have included 
three on the Poudre, one on the Platte in connection 
with the State Engineer’s office, two on the Arkansas 
from the mountains to the State line, three on the Rio 
Grande in Colorado, two on the Big Thompson and the 
Little Thompson, and one on the St. Vrain. 

The first measurements on the Big Thompson and 
on the Arkansas were made in 1897, on the St. Vrain, 
in 1898. We have found from experience that the first 
year’s measurement is usually defective, the first trip 
being required to learn the location of the headgates, 
the roads or paths to get to them, the location of the 
wastegates, and in general obtaining the detailed local 
knowledge necessary to prevent oversight of important 
points, or in order to select the most desirable points 
for gaging, accessibility and topographical features be- 
ing considered. The Water Commissioner usually pos- 
sesses this detailed knowledge in his district. Still we 
have often had occasion to visit ditches which the Com- 
missioner had never seen, the ditch perhaps having an 
early appropriation and thus requiring no regulation 
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from the Commissioner. We have sometimes found dis- 
turbances brought in from wastegates which had been 
overlooked by not learning that there were several sets. 
The measurements after the first year have usually been 
free from such errors. 

At the time of writing the last annual report late 
in November, 1897, the measurements were reported in 
progress on the Arkansas river. The river at that time 
contained considerable water and was at times difficult, 
if not dangerous to wade. The water was sometimes 
breast deep. The temperature was low, and before the 
200 miles were completed the water was at freezing tem- 
peratures and running slush ice. At one place the ob- 
server lost his footing and was entirely submerged. 

The work was simultaneously carried on in two field 
parties. I was able to do but little myself, the first at- 
tempt in October having been stopped by a heavy storm. 
The measurement of 1898 was more satisfactory, both 
because of the detailed knowledge gained in 1897, and 
because the river being lower the gagings were more eas- 
ily made by wading. 

From Cafon City to Pueblo, a distance of 40 miles, 
for a large part of the way the river is in a chasm with 
no wagon road convenient to the river. The measure- 
ment was made by covering the distance on bicycles 
along the railroad grade. Below Pueblo horses were 
used and the assistance of Water Commissioners Reece. 
and Cressey and of the Fort Lyons, Lamar and Amity 
Canal companies through P. J. Preston, A. E. Bent and 
W. M. Wiley, is gratefully acknowledged. 

I was able to pass personally over the ground in 
detail for most of the distance from Cafion City to the 
State line. I gave more particular attention to the con- 
ditions affecting seepage, and to a study of the geolog- 
ical stratigraphy as it bears on seepage, and find a close 
relation between the rock strata and the gain and losses 
from the river. 

Wherever the drainage of an important watershed 
discharged into the main river, it was desired to take a 
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measurement both above and below to obtain a measure- 
ment of the water entering the stream in the sands, if 
any such existed. 

Before starting the measurement, the names and the 
location of the headgates were determined as far as pos- 
sible, and from general knowledge of the country and 
from the topographical maps, which though often seri- 
ously incorrect, were found useful. The points of gag- 
ing were selected. Blue prints were made showing the 
available information, and typewritten sheets of in- 
struction of which the following is an example, were 
given to the observers. 

The points selected for gaging stations were chosen 
from their accessibility, from their being critical points 
in the topography, or at some place where the informa- 
tion was desirable, as at the head of important ditches. 


INSTRUCTIONS IN SEEPAGE MEASUREMENTS, DISTRICT 14. 


Water District No. 14, Carlile Springs to Nepesta. 

River gaging No. 4. At Carlile Springs, on west 
side of Pueblo County. 

No. 5. Head of Bessemer ditch, distance 9 miles. 

No. 6. At Rock Cafion, distance 4 miles. 

No. 7. Above Pueblo, about opposite or a little be- 
low the Insane Asylum, distance 5 miles. 

Gage Fountain creek at its mouth. 

No. 8. Below the Fountain, and below Pueblo. This 
should be about a mile below the Fountain, or if the 
roads are more convenient, about two miles. According 
to the map the road seems to reach the river on the north 
side about two miles below the mouth. 

Gage the St. Charles near its mouth. 

The St. Charles needs to be gaged above the Besse- 
mer ditch; this can probably be done by L. G. C. 

No. 9. Gage the river below the St. Charles, dis- 
tance 6 miles. This can be at the road crossing about a 
mile below the St. Charles. 
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No. 10. Above the Huerfano, above the plain formed 
by the river. Gage the Huerfano, or see the amount of 
water it contains. It will probably be dry. 

No. 11. Gage below the Huerfano. A favorable 
place about a mile below, near the head of Bob Creek 
Canal, or, better, a little lower yet. 

No. 12. The river at Nepesta at or above the rail- 
road bridge. 

No. 15. Head of the Otero Canal. Measure all 
streams going in, and all canals taking water out. 


MEMORANDUM OF DITCHES, IN ORDER, ALONG THE 


RIVER. 
No. of Range of - Nameof Side of 
Section. Township. Ditch. River. 
du 68 ET ODS OMe crrcten epee niche tales akirtarensis oy wacooina ofS North 
16 67 BERS OU OS aes resets ees aotere i aceinie onion te ine iemer ciate North 
15 IRGHEC OOKes Mh eRe nat a poCe ROCA S nO BaD DASE onan South 
23 IBTOG ICBM nL Rite one oe nals, eam eee anoteres South 
33 66 d BERS (S BES ON orien LOA OOO SOT SACO AEE MTCC South 
36 es ee RAYON OCI Merits cud cents Cpe ER SE OORT CIE OG South 
31 65 AGI eA b TSO Keine Sansa ci ae gee SE SOMT COO EOE North 
27 EGO poe a Ole reie wasn slots North 
27 TR IEAG G4 flee 9 6.50 tether HOON Ce) CB ROOTES DEEPA IOL North 
34 UV CL VAC Hastie tem petst re itcnvsvictneide tar tenten cs South 
34 65 PTC DIOS WIEST OSe nace ierle ols «his nie tctererewelate South 
4 64 ES TENIGITIN GS oho) oni ape steve e/aseVauniel ares cisy aka’ axea'sofao%ays ete ols South 
18 64 BRUM AT ATS Ai arsie matted inal ous) Mere otelee:sicisae tiemiertes North 
16 2 ee UN epee WS Ss eter. COU Ge OA OO EOS OOS TTOG South 
32 MAYS ) ASTON Cling cha A Baris anne oneEppE eta coo en ncn North 
35 Warrant, Barnes & Baxter............. North 
32 63 LDBCOISIIGT EM Roe Pon Une OB aL oMOne open GenOod OOO" North 
6 62 IB Noha ISAO on an cq teretE apne OEE Coe North 
8 (OLN 6 Saud Cena ce ae Renee On ECO Ot aCCn South 
10 Colo. Canal (Bob Creéek).......s.00.0206 North 
1 PNT RTIS Sam VI LLEN sisters, 3 oars wherascherticiervavenete areas North 


17 61 Rocky Ford High Line................+. South 
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No. of Name of Name of Side of 
Section. Township. Ditch. River. 
16 PW0t Seber SARC nM oot Code amour Dood no soacT South 
31 60 THyiterpElSer sce oceieee ere ceieer tiie North 
81 Oxford eMavimersiepneeece aneeericet ser ert re South 


SEEPAGE GAINS AND LOSSES, ARKANSAS RIVER. 


The following summary shows the seepage gains 
and losses that were found on the Arkansas river in 
1897 and 1898, the measurements being given in cubic 
feet per second. 


Area of 
ioe Tribut’y 1897. _ 1898. 
nce ice ee 
Sq. Miles 

Canon City to Bessemer ditch.......... 38) 148 5440) Seees tout 
Bessemer (tO! VPUCbHLON smasweee nee tiie 10 255 wane 42.18 sees) 15.96 

Puehlorto Orchard’ Groviersmccws oes 8 1,101 sees. 0540) 195401 

Orchard Grove: to. Boonen acess 1G 1335 9503-475" see 20280 
Boone™ tom Nepestaxnscccran saseenecterapee 40. 2,285 40.44 20. sean LUIS 
Népesta. to” Otero: Canal.ccncies cece. cee oes 8 182 estace aOR. A aera WELLS) 

Otero Canal to Apishapa Creek........ 7 SEN 16:90) Se ceo 

Apishapa Creek to Rocky Ford........ 1616 1,667 30.55 .... 31.21 

Rocky, Mord to Kort lyon! Canale... ., 9 749. 35.59 a2) S22009 

Fort Lyon Canal to La Junta.......... 3 SSteulo, OL aur 8.20 

Han IuntawtOwIOness DitChia. amare itil TIS S1085s Rae uae 

Jones Ditch to Las Animas............. 9 TOSI) 28,51 9 eye e0s0S 

Las Animas to Old Bort Wyon.%........ 6 (8,509. (38:14 > eee 3326) 
Old Port Lyon to Caddoan.c-nccsssene 11 660) 3263) aes “ORD 
Caddoa tor AmityeGanalinnic ste een 10 445 cates Ie ne OL OS 

PNioay rayon {Ho tid BEEN COKEY oan cootyaiie AGG SSO Seo One 11 256 Saiee MIG 6.68 

(AMAT ACOLLLOlvarppa mr tetccce rec meee 30 AGL OUSi2N oe ace) eiacad 

Holly to Coolidge, Kansas.............. fe alsa 

OCA ec em rete acta Mere encom ns 215 15,960 387.48 57.36 243.81 51.41 

57.36 51.41 

330.07* 192.40 


*Hvident error. 


* Assuming the result of 1898 from Orchard Grove to Boone as 
correct, the gain would be 250 ft. 


THE AGRICULTURAL EXPERIMENT STATION. 191 


The river as it crosses Colorado, passes through sev- 
eral basins caused by the folding of the rocks. The 
larger one has its western rim at Rock Cafion, a few 
miles west of Pueblo, and the eastern rim near Old Fort 
‘Lyon, about 15 miles east. The rocks also dip to the 
north away from the river. The significance of this lat- 
ter condition, is, that so far as the water penetrates 
these rocks it does not return to the river, but is lost to 
the agriculture of the valley. If the water thus taken 
up is considerable, it means a serious loss to the valley. 

Practically the measures seem to indicate that at 
the places of cutting through the sandstones above Pu- 
eblo and from Old Fort Lyon to the Amity Canal, there 
is a loss, while in between there is a gain with few ex- 
ceptions. 

My studies on this point this year have not been ex- 
tensive or detailed enough to warrant any conclusive 
statement further than to say, that the facts so far 
found seem to indicate that this loss is not so serious 
as has been feared. The conditions of the north side of 
the river especially under the larger canals, like the 
Colorado, the Holbrook, the Fort Lyons and the Amity, 
need to be examined more in detail for evidence bearing 
on this subject. 

On the Platte the understanding with the State En- 
gineer was that his office would make the measurement 
in 1897, and he was preparing to make it in 1898. We 
coéperated in the measurement in 1896. I wish to make 
a further examination of this valley giving more special 
attention to the conditions relating to seepage, before 
publishing the results made since those detailed in Bul- 
letin 33. The conclusions there given have been strength- 
ened by the subsequent development. 


SEEPAGE MEASUREMENTS ON THE BIG THOMPSON. 


The measurement for seepage on the Big Thompson 
and Little Thompson were referred to in the last annual 
report. The measurement in 1895 was postponed beyond 
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the time desired, because the water was being changed 
from one ditch to another giving daily a new condition 
of the river outflow. Until the conditions became more 
stable it seemed useless to make the measure. The val- 
ley is one of the oldest in the state. Some water from 
this stream irrigates area which is tributary to the 
Poudre river and a little land tributary to the Little 
Thompson is irrigated by water from the St. Vrain. 


The following is a summary of the results of the 


two years. 
Distance. 
1897. 1898. Miles. 


Handy to the. Home Supply Canale... estes eee = 0 titers 150) 
Home Supply to the Barnes! Ditcnys-ceessess te coe 15.78 8.13 bo 
Barnes Ditch to the Loveland & Greeley............ 4.62 3.52 3.1 


Loveland & Greeley to the Big Thompson Ditch. .12.38 13:31 10.5 


Big Thompson Ditch to the Hill & Brush.......... 4.52 6.62 5.3 
Hill & Brush to the Big Thompson & Platte....... 12.42 9559) 10.6 


Big, Thompson & Platte to the Evanstown Ditch..14.36 11.59 nut 


ADORE =H Mes cana cOocsote moor. bHUS ROTOR TOR MD Oman eter Cade. 64.08 52.74 47 


1897. 1898. 

Hromabasie Ditch! tombry Creeks .2:.25 ee eee 135 3.16 
Dry, Creek tommockwell Ditch eee Eee eee eeneee 2.77 1.52 
Rockwell top Miner Ditches... here een eee 2.43 1.32 
Min er ite to Mio Wt. oe. ce sen eee ee eee 4.08 2.89 
4 NOhe: ORR tte ODO MPRMOnAe Cem B rae Sov aiaclid chats 10.63 8.89 


Total for both Big and Little Thompson....74.71 61.63 


It is noticed that the increase in 1898 is less than 
in 1897, probably due to the smaller water supply in the 
past year. The measurements are given in cubic feet 
per second. 


Se 
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ON THE ST. VRAIN. 


The St. Vrain creek rises in the high mass of mount- 
ains from the south slope of Longs Peak southward to 
the headwaters of Boulder creek, and waters one of the 
most fertile of the tributary valleys of the Platte. 

The following were the gains found in the measure- 
ment made Oct. 26-28, 1898 by Mr. Trimble with the aid 
of Mr. L. H. Dickson of Longmont, Water Commissioner 
of Water District No. 5. 


Distance, Gain, 


miles. Sec hu 

Meometyrons tothe Olisarchy. Ditel is. ....cics«susesanteen Ba 2.63 
From the Oligarchy to the Niwot ditch...........<...... vA 3.24 
From the Niwot to the Boulder-Weld Co. line........... 6.7 7.389 
Ge IT Ss LOM EOULG Cre CLOGLG. crue carson a ete Ase annette gostei SANS 2.2 5.34 
Bouldersereeke tos Micming lacey cade .cweass ng. sets etan ede 5.8 4,21 
UCIT DIACe, CO LACS WIVES «soe asic ken ctles bos Os cieceie cious 7.0 2.98 

MOREE 3 octen= aoge ATI SIDR O Oph See CO OCOe SOC TC eat an Sree 28 25.79 


This does not include the seepage return entering 
Left Hand creek, a tributary of the St. Vrain and which 
is supplied with water by ditches from the St. Vrain 
principally, nor seepage entering Boulder creek. Both 
of these streams need to be measured to include the re- 
turn waters from their water sheds. 

The amount of land irrigated from the St. Vrain is 
approximately 89,000 acres according to the report of 
Water Commissioner Dickson. 


THE RIO GRANDE RIVER IN COLORADO. 


A measurement to determine seepage on the Rio 
Grande was made in 1897, this being the third year of 
measurement and the results are satisfactory. The meas- 
urement of this year again shows that the losses from 
the river in the upper part equal or exceed the subse- 
quent gains of the remainder of the river in Colorado. 
I have attempted to get information bearing on the con- 
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ditions south of the San Luis valley which should con- 
firm or disprove the hypothesis I had formed to explain 
the excessive loss, indicated by the loss from the river 
and by the disappearance of the numerous side streams. 
In 1896, I crossed the valley at the lower end and in 1897 
took a hurried trip as far as Santa Fe, New Mexico, and 
crossed the valley in the vicinity of Espanola. Now it 
seems desirable to pass lengthwise of the valley from 
San Luis to Taos. The country is very sparsely settled 
and is mostly a barren country. By correspondence, I 
have been able so far to obtain little definite information 
which would serve to narrow the search for indications 
thought to be there. 

In the measurement of the Rio Grande in 1898, it is 
noticed that the river begins to gain, or perhaps it would 
be better to say ceases to lose, at a point higher up than 
was noticed in 1896. , Whether this is the effect of some 
fluctuation in the river or is an actual fact, is an import- 
ant question. If the latter, it is significant in interpret- 
ing the greater amount of water taken by the valley. 
As this was not noticed in comparing the observations 
of 1896 and 1897, it emphasizes the need of caution in 
drawing conclusions before sufficient data is accumu- 
lated. Desire is sometimes expressed for results to be 
published before sufficient data is at hand, but it may be 
said that unless there are enough and long enough con- 
tinued observations to make the conclusions more than 
probable, publication is apt to be more harmful than 
beneficial. 

Gain in 1898. 


Hrom gaging station! tosbel Norte imac scmsacte eee eee —51.69 
Del Norte tot Prairies@anal sas eee eer ieee eee te7Riit 
Prairie tos Monte Vista) brid = case teaser Reena ereeee eee + 6.26 
Monte Vista. to Kenilworth a citenerees tt este tenet + 8.82 
Kenilworth) to Hickory Jackson ditch see eeneeees +18.10 
EL yr JackSOn itOs:Ala IM O Sais... mee peer ee tee een enero + 2.78 
Alamosa tO COnejOs, Livi seca eee eee en ene + 1.57 


SV 


Total, lOSSuxnis suvqe ners eects etek ee tee eee cyanate 13.17 
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The measurement in 1898 was made from Aug. 19 
to 25 by Mr. J. D. Stannard aided by Water Commis- 
sioner M. D. Blakey of Monte Vista. The last measure- 
ment was below the Mexican village of Los Sauses where 
the river enters a caiion. 


CACHE LA POUDRE RIVER. 


1896. 1897. 1898. 
November. October: August. 
Weir to Fort Collins Water Works............ — 2.92 -+ 1.39 — 7.76 
La Porte to Larimer and Weld Canal........ v + 0.41 
Writer Works: tO; dua. PORts. qoen cence tem creneccces J 16.61 + 8.75 
Larimer and Weld Canal to No. 2 Reservoir 
Supply wocemee neces qatar sree ccs — 5.68 — 3.96 + 3.37 
[ROU Stra uSsa EGE Ge acme an cite ae carrion dias leris 5 Hie 6 —22.87 — 2.90 414.84 
Strauss Bridse doe. No: 2 Candice case tacwes ses se 416.41 +10.42 “128 
Noms (Canal: to. Maton peChines conse age nslcass es 410.42 413.36 + 8.34 
Eaton Ditch to Greeley No. 3 Canal............ + 6.17 435.72 415.44 
No. 3 to Greeley Mill Power Canal............ +16.64 ? +21.16 
Mill Power Canal to Camp Bros. Ditch....... 125.52 +26.57 25.98 
eEATN DOEECTY LO-WEGUGEL Yl oo 5, stane ninlow eird.0 ele vee seh 8 +21.98 423.58 Bray 
ANGRY a6 hook Sapam co nrbapecannne se taprir cee ae 135.18 


In 1898 measurement made Aug. 9-12 by R. E. Trim- 
ble and Prof. G. L. Swendsen Aug. 9-10, and the remain- 
der by R. E. Trimble and J. C. Mulder. 

In 1897, the measurements were made Oct. 7-14, by 
R. E. Trimble and R. Q. Tenney. 

In 1896, the measurements were made Novy. 11-14 by 
R. E. Trimble and R. W. Hawley. Water was being 
changed from power to canal purposes and from night to 
day, causing fluctuation in the river and throwing doubt 
on one of the upper sections. 


LOSSES FROM DITCHES AND CANALS. 


Bulletin 48, issued in July, on “The Losses from 
Ditches,” was intended to call attention to a source of 
loss whose extent had been little realized by the agricul- 
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tural community, to arouse attention to its importance, 
and to point out some practicable methods of lessening 
it. The importance of this source of loss is evident 
when we consider that from one-fourth to two-thirds of 
the water resources of every ditch is wasted without ben- 
eficial use. In one ditch measured this summer, which 
pumps water over 100 feet high, one-fourth of all the 
water is lost in the first half mile of ditch. It there- 
fore takes one-fourth of all their coal to supply the waste 
in this extent of ditch. In another case the loss has 
amounted to 18 to 20 feet in depth at places. 

As opportunity served during the year, additional 
measures of this type have been made, mostly on ditches 
in the Arkansas valley. This included a number of 
ditches around Cafion City and the determination of the 
losses on the whole length of the Bessemer ditch. As it 
will be some time before the subject is taken up in the 
form of a bulletin, some of the measurements are here 
given. 


ORIGIN OF SEEPAGE WATER. 


In the case of the Bessemer ditch, which extends - 


some ten miles above Pueblo to about twenty miles be- 
low, the conditions are unique and are such as to enable 
a determination to be made of the amount of water en- 
tering the river from seepage from the canal and the 
land which it waters. In almost every case in the state 
it is difficult to determine the origin of the return water 
because several ditches are found one above the other, 
and the source of the seepage that is found thus becomes 
doubtful. Even in those cases where there is but one 
ditch, it is not at all sure that all of the water entering 
the river comes from this ditch, or that all of the water 
coming from the ditch is collected in a given stretch in 
the river. In the case of the Bessemer ditch, however, the 
mesa over which it extends is underlaid with a stratum of 
shale rock which slopes towards the river and forms a 
shelf along the bluffs of the river for the whole length of 
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the ditch. It thus forces all the seepage to the surface, 
renders it evident, causes it to collect in streams at the 
edge of the bluffs and thus permits it to be measured. 
The opportunity was too exceptional to omit taking ad- 
vantage of it, and in 1897 the measurement was made by 
Mr. Trimble from Pueblo to Grant Arroyo, and in the 
fall of 1898 by Mr. Hawley for the whole distance. It 
was necessary to walk most of the distance. With- 
out entering into detailed statement of the measure- 
ments, it is sufficient to say that about one-half of 
the amount of water entering the river is derived from 
the losses from the ditch itself, the other half being sup- 
plied by the water which is applied to the farms by the 
farmers. When the whole conditions are taken into ac- 
count and the flow throughout the year is considered, it 
is possible that the amount coming from the ditch will 
not be as large a proportion of the whole year’s inflow, 
as during the irrigation season. 

The general result is borne out by the measurement 
made in the valley around Cafion City. In this case the 
losses from the various ditches were measured and the 
gain of the corresponding stretch of the main river. The 
gain in the river was found to be about twice the loss in 
the ditches. This measurement is not so conclusive as 
in the case of the Bessemer ditch, because of the uncer- 
tainties in the measurement of the river and from sev- 
eral other conditions. 

Some systematic attempt was made during the year 
to obtain photographs showing the methods of irrigation 
with view to use in connection with studies that have 
been more or less systematically made for a number of 
seasons. We have found in the past that when post- 
poned until the latter part of the summer, as the de- 
mands of field work at the earlier part of the season has 
usually required, the growth of plants and weeds have 
prevented obtaining successful photographs. It is both 
hard to find the conditions which shall clearly show the 
points desired, to find the application of water and to 
find the state of vegetation such as to exhibit the meth- 
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ods desired. In the several days’ trip made for this 
special purpose, a few, but only a few, successful photo- 
graphs were obtained. 
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the general manager of the Amity and other canal sys- 
tems, placed every facility at our disposal, arranged in 
many ways to facilitate the work and to render it pos-: 
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vations on the water used. W. F. Montgomery, con- 
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this report is respectfully submitted. 


L. G. CARPENTER, 
Meteorologist and Irrigation Engineer. 


December 14, 1898. 


Report of the Rainbelt Experiment 
Station. 


a) 


To the Executive Committee of The State Board of Agricul- 
ture: 


Gentlemen—I herewith present the Fifth Annuai Re- 
port of the Rainbelt Experiment Station. 

The season of 1898 was the shortest in the history 
of the Station. Snow fell May 1st, accompanied by a 
severe storm which did considerable damage to young 
cattle on the range. Then a severe snowstorm occurred 
September 10th. 

Planting was delayed on account of the ground be- 
ing too wet to work during the first ten days of May. 
The season continued to be favorable for crops until 
towards the last of July, when dry weather at critical 
periods cut down the yields of many very promising 
crops. 

The following table shows the precipitation at this 
Station from the time record-keeping began until the 
present :— 


1894. 1895. 1896. 1897. 1898. Means. 
January ......... ... .67 45 26 03 85 
IRIN OVEN RA Brtcuicn | cor 27 zits 10 .00 .09 
Marche sessuscr anette .16 ata 1.58 -61 aH 
P Viohallw Unipooewtoocwad aeox 1.67 3.41 1.20 2.20 2.12 
IVES Ye 2 cirtent as aaa 1.46 2.28 1.44 5.54 2.68 
SUMG! accents 48 2.69 3.03 2.22 3.95 2.47 


ANE naaboudrec uns 199 6.38 2.27 4,19 2.09 3.38 
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1894. 1895. 1896. 1897. 1898. Means. 


INVER Inpaoaunns 1.03 1.22 3.07 3.24 1.33 1.98 
September ........ .14 dB .84 -92 2.00 -78 
OCLODEL Maser aden 14 21 78 2.73 Batis 96 
November ....... -00 .30 .00 -10 aoe .10 
December ......- -55 42 60 20 Bec 44 


The crops were planted according to the schedule. 
All crops on the special schedule were cultivated care- 
fully as in past years, but the south half of the culti- 
vated land was planted to sorghum and millet and al- 
lowed to produce what it would without further atten- 
tion. Light crops of fodder were cut from the south 
half of the field; but that which received special care 
yielded fair crops ot forage. 

The small grain was all cut when in the dough 
stage, except small plats which were left to mature seed 
for the purpose of estimating the yields. According to 
the schedule, all small grain was to be planted by the 
“Campbell Method,” so all planting was delayed until 
after the sub-surface packer arrived, April 25th. 


HORTICULTURE. 


All forest trees have made a good growth this year. 
The wind-break around the orchard, composed of ash, 
black locust, and Russian mulberry, now affords consid- 
erable protection. In the spring of 1897, seeds of black 
locust, black cherry, red mulberry, Russian mulberry, 
and box-elder were planted. None germinated last sea- 
son except the black locust, and the seedlings from these 
are now five feet high. The box-elder and black cherry 
seeds came up this season, and the seedlings are about 
a foot high. 

All fruit trees have grown well. None has died 
since the last report. 

The standard cherry trees bore some fruit this year. 
The Rocky Mountain cherry trees were loaded, as usual, 
with fruit, which, for all ordinary purposes, is worth- 
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less. The plum trees bore a small quantity of fine fruit. 
The gooseberry bushes bore a heavy crop of extra fine 
fruit. Two Missouri Pippin apple trees blossomed, but 
dropped their fruit before it matured. 

Two dozen seedling peach trees have been grown 
this year from pits planted here. They appear to be 
quite healthy. 


THE GARDEN. 


Good yields of various garden crops were produced. 
Salzer’s tree bean yielded especially well. It seems to 
be the bean to plant here instead of the Navy bean, 
which does poorly in this region. 

The melons, squashes, cucumbers, and pumpkins 
were planted just before a heavy rain. The rain packed 
the ground so hard that but few of the plants came up, 
and these did not grow well. A few melons of good 
quality were produced. 

Fifteen varieties of sweet corn were planted May 
18th. From these, roasting ears were used from July 
26th until September 25th. The best varieties this year 
proved to be Maule’s First of All, Black Mexican, Early 
Bonanza, Nonesuch, New Champion, Country Gentle- 
man, and Egyptian. These came into roasting ear in the 
order named. All these varieties produce ears which 
are long enough so that a worm can live happily and 
eat all he needs, while there will still be a good-sized 
roasting ear left for the table. 

Queen’s Golden and White Pearl pop corn made 
good crops. 

Parsley, anise, sage, and upland cress were added 
to the list of garden crops which do well in this region. 

Irish potatoes were a poor crop here this year. The 
earliest varieties got a good start before the beetles at- 
tacked them, and made a fair crop. The Early Six- 
weeks, Early Ohio, and Early Montana made the best 
yields. The late varieties were so damaged by the 
beetles that we may call them total failures. The vines 
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were kept covered liberally with Paris green from the 
time the beetles began to come until late in the season. 
But as soon as one horde of beetles would eat and die, 
another moved in to commit suicide in the same way, 
until the vines were completely defoliated and some of 
the stems eaten into the ground. 

I furnished a small quantity of seed potatoes to a 
neighboring ranchman. His were early sorts, and were 
planted the first week in June. He reports a yield of 60 
bushels per acre. 


FIELD CROPS. 


California Barley—Two acres were sown broadcast 
upon corn stubble, April 30th, and disced in. All except 
a small plat was cut for hay. The test plat showed a 
yield of 18 bushels per acre. 

Bromus inermis—Two acres were sown to bromus 
inermis, April 380th, on deep-plowed ground, a part of 
which was packed with a Campbell sub-surface packer. 
A good stand was obtained. Some on high land died 
during a dry time in the summer, but there is still 
enough left to make a fair test of the value of the plant 
for hay. 

Alfalfa—One-half acre of alfalfa was sown in May 
1897. This was cut in June of this year, making a yield 
of a ton per acre. It did not grow high enough to cut 
again during the season. 

Other Forage Plants—Eight varieties of non-saccha- 
rine sorghum, four varieties of cow peas, one of Canada 
field peas, and one of Idaho peas were planted on ground 
plowed eight inches deep and packed. All these were 
carefully cultivated. 

The following table shows the yields :— 

Kaffir corn No. 39, 12 bushels seed per acre. 

Brown Duhra, 20 bushels seed per acre. 

Jerusalem corn, 15 bushels seed per acre. 

Red Kaffir corn, 5,320 pounds of fodder. 

White Kaffir corn, 6,720 pounds of fodder. 
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Black-hulled White Kaffir corn, 6,565 pounds of fod- 
der. 

Black Rice corn, 4,970 pounds of fodder. 

Yellow Milo-maize, 5,110 pounds of fodder. 

Kansas Orange sorghum, 8,400 pounds of fodder. 

Early Amber sorghum, 6,192 pounds of fodder. 

Black-eyed cow peas, 6 bushels of seed. 

Black cow peas, 1.5 bushels of seed. 

Whip-poor-will cow peas, only a few pods matured. 

Clay cow peas, only a few pods matured. 

Idaho peas, 11 bushels of seed. 

Canada field peas, 8.5 bushels of seed. 


Red Kaffir corn, White Kaffir corn, and Kansas 
Orange sorghum failed to mature seed. Yellow Milo- 
maize, Black Rice corn, and Early Amber cane produced 
some mature seed. 


THE USE OF GYPSUM. 


A plat extending across a patch of land which had 
never yet produced a crop on account of some unknown 
qualities it possessed, was treated with gypsum at the 
rate of one thousand pounds per acre. This plat and an- 
other adjoining one were planted to Early Amber cane 
the same day. The cane was planted in rows with a 
planter drill. Both plats were cultivated alike. The 
crops growing on the two were cut the same day. After 
curing, it was found that the treated plat yielded 2,880 
pounds of fodder per acre, while the untreated yielded 
but 1,620 pounds of fodder per acre, making a difference 
of 1,260 pounds of fodder per acre which seems to be 
due to the use of gypsum. In harvesting the crop, the 
barren spot could hardly be noticed on the treated plat. 


MIXING CORN. 


In this region, where hot winds are likely to blow 
at critical times, the corn crop is frequently an entire 
failure on account of a day of hot winds. The hot winds, 
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coming when the tassels are in blossom, kill all the pollen 
and thus leave the seeds unfertilized. If only one va- 
riety of corn is planted in a field and all is in tassel 
when a hot wind blows one afternoon, it will produce 
but a few ears. But, if a number of varieties which blos- 
som a few days apart are planted, some tassels will es- 
cape the hot wind and live to fertilize many ears, thereby 
increasing the yield considerably. With this in mind, we 
made three mixtures for planting this year. The seed was 
_ chosen from the crop grown here in 1897. Six varieties 
of white dent were mixed for white dent. Eight varie- 
ties of yellow dent, and twelve varieties of flint were 
mixed to plant for flint corn. These mixtures were 
planted in separate plats. Each was thinned to two 
stalks in a hill, and all suckers were pulled off. After 
it tasseled, all stalks which had no ears started 
were de-tasséled so that no barren stalk could reproduce 
its kind. The corn grew well, but as no hot winds oc- 
curred during the blossoming period, we can not say 
that any gain resulted from the mixing of varieties. We 
shall choose the best matured ears from the strongest 
stalks for next year’s seed, and hope to get a number of 
cross-bred ears for future use. 

We have found that varieties of corn do better here 
after they are acclimated. So, we hope to produce a 
few “natives” by the process above described. It is a 
haphazard way of crossing, but is just what any farmer 
can do for himself and what most farmers have done 
either accidentally or purposely. We believe that the 
idea should be more used in this region, where our cli- 
matic conditions make it necessary. 


VARIETIES OF CORN. 


Twenty-two varieties of corn were planted. The fol- 
lowing table gives the yields of the different varieties :-— 


THE AGRICULTURAL EXPERIMENT STATION. 209 


Bushels 
Variety. Kind. per acre. 
Die SUNG Ts OT cen Sete Mer ins Rasact veh Sialos OBISers soir cys Flint 14.0 
2 Houghton’s Silver White............ Flint 13.1 
Meher hc wionaoiscy Galle Ual Nice 98 UN ees ees ee a Flint 14.6 
AD WiGiShakcumae CVG). ine gasncue bane oe tyerecian Flint 8.6 
gi aS Wate 71 Ed aUNLT SSE Ae RAR OO OSS SORE OEE ete Flint 13.4 
Leta S00 WOR ts Beach tor ane a aL hee CR Flint 12:3 
C0 SN ARR D SEO OURS ye Sons ctop SoS Rec ee nee res Flint 13.0 
‘chee Bs AEM OL ey hare, aca coAnoe Ane e aCe eee Flint 8.6 
Oe Golden! Row evel.) cccccatiaes csten etx Dent 15.4 
i0rrAneelok Maicnichit-.. ce. ccccacss neces « Flint 8.6 
ate) New Gea minee (y-elay iis mics demi epeaies Dent 10.8 
12 Star Giveaway] (Gy el. )icineislestes' cao saea te Dent Aber g 
DS EATS OMT Be VVALILC Cs tereteatcit els = le or ciel he iaiieie nis White flint 16.0 
14 Murdoch’s 90-day (yel.)............... Dent 10.0 
15 Karly, Yellow Rose -(relisi..cccccks Dent 8.6 
EG. AKOTA,” TIGL Me CVCd Vans carats erica: laareels Dent 10.8 
1 Queen of toe r Wield. coo ctr es cence ees Yellow dent 12.3 
48. GHUIESH, GF EDEMINOTT sn. cstejaseeeoied cers Yellow dent 13.1 
AOSMRA PLY pI ON cate athe elisa cie siivieis tome Yellow dent 4.5 
DOG Canadian oy ClO Wistar. dem fcc crstel els cd aressi Yellow dent 9.6 
HAS White Cap: Yellow Wena. sdecor White dent 12.6 
DES WAALS Yam Vy lucerne anastelete wile eters siealeters White dent 13.1 


According to the experience of this Station, and 
also of the settlers here, the most reliable varieties of 
corn for this region are those which mature in from 90 
to 100 days from planting. 


THE CAMPBELL METHOD OF SOIL CULTURE. 


What is commonly called “The Campbell Method 
of Soil Culture” has been so extensively advertised, and 
so much has been claimed for it, that it was thought 
best to give it a careful trial at this Station. 

Mr. B. A. McAllaster, of the Land Department of 
the Union Pacific System, kindly loaned us tools for this 
purpose. 

14 
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The ground for small grain was plowed and packed 
April 25th to 27th, and the grain was drilled immediately 
with a press drill across packed and unpacked ground. 
A part of the grain was cultivated after rains with a 
Campbell Jr. cultivator. All except enough to test the 
yield was cut for hay. The following table shows the re- 
sults given in bushels per acre :— 


Packed. Unpacked. 
Culti- Uncul- Culti- Unculti- 
vated. tivated vated vated. 


Wheat, Blount’s No. 16........ 3.50 3.75 4.75 4.50 
Oats; Black RUSSIA a. ane. 18.00 23.00 30.00 27.00 
Rye, Giant Sprimeien...cscaese 5.25 5.00 5.15 4.10 
Barley, Leardgless mance 22.6 20.60 25.70 14.60 


Early Amber Cane—One and one-half acres were 
planted to Early Amber cane May 25th. All the land 
was plowed eight inches deep and three-fourths of it was 
packed. The seed was planted with a planter drill. The 
cane was all carefully cultivated until August. 

The cane on the packed ground yielded 6,444 pounds 
of dry fodder per acre, while that on the unpacked ground 
yielded 5,940 pounds per acre, a difference of 504 pounds 
for packing. 


CORN. 


Four acres were planted May 21st. to corn. The 
same method was used in preparing the corn land as in 
the case of the sorghum plats. The corn was planted in 
check rows, by hand, three grains in a hill. The seed 
was Yellow Dent, White Dent, and Flint, grown at this 
Station in 1897. It was chosen from the best of six 
varieties grown. All was carefully cultivated after each 
rain and more frequently when conditions seemed to re- 
quire it. The suckers were pulled off, and all weak 
stalks were removed after they had shown their form. 
It was also thinned to two stalks in each hill. The fol- 
lowing table shows the results: 
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Packed. Unpacked. Differences. 

Variety. Bu. per acre. Bu. per acre. Bu. per acre. 
WVD1 tegen tags tcce. sk lewe 10.5 10.9 .4 Loss 
Wellow Dent iiscceceece 13.4 8.7 4.7 Gain 
BOUTON EE ok 5 on COUDa Re aie ates 14.3 12.6 1.7 Gain 


Potatoes—One-fourth of an acre was planted to Car- 
man No. 3 potatoes, May 13th. One-half the ground was 
packed and one-half left unpacked. The potato beetles 
committed such depredations in this section of the field 
that only a few tubers were produced. 


REMARKS. 


1. All ground in this test was plowed eight inches 
deep. 

2. All ground not packed was thoroughly harrowed 
as soon as it was plowed. 

5. All crops in this test which are usually cultivated 
were cultivated alike on both packed and unpacked land. 

4. The moisture in the soil was tested a few times 
during the season by sampling with soil sampling tubes 
to a depth of one foot, and to the depth of six feet with 
a sampling auger. It was found that immediately after 
a rain, the upper foot of the unpacked plats contained 
more moisture than the upper foot of the packed plats. 
Later, the reverse was the case. Also, the moisture fall- 
ing upon the unpacked plats sank deeper into the ground 
than that falling upon the packed plats. Later in the 
season, after several rains had fallen and all plats had 
been cultivated several times, the differences were not 
so noticeable. 

We give no figures here because we had not the time 
to make as many moisture determinations as we wished, 
but could go over the ground only in a general way. It 
is possible that with more work in this line, we should 
be forced to draw different conclusions. 
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STUDY OF EVAPORATION. 


Tools for use in these experiments were ordered 
April 15th, but many delays caused by non-arrival of 
essential tools and inability to get help when needed, 
prevented work in this line before July 1st. 

We had planned to determine the amount of water 
used by a crop of corn in this region, but it was consid- 
ered too late to give this matter a fair test by the time 
the necessary tools were at hand, so evaporation from 
water and soil surfaces was tested during the remainder 
of the season. 


EVAPORATION FROM WATER SURFACE. 


Two galvanized iron cans eighteen inches in diam- 
eter and fifty-two inches deep were set close together in 
the ground so that the tops of the cans were on a level 
with the surface. These were filled with water. During 
July, the evaporation was 11.88 inches. Both were ex- 
posed equally to the action of the sun and wind during 
this time. August 1st, one was screened from the direct 
rays of the sun and the other was left uncovered. From 
August 1st until September 24th, the one in the shade 
lost 14.75 inches while the one in the uncovered can lost 
18.48 inches. 

The can which was uncovered was left until October 
3d, when it was found that it had lost 35.31 inches during 
the time from July 1st until October 3d, or 95 days. 


EVAPORATION FROM DIFFERENT TYPES OF SOIL. 


In this test four types of soil were used. No. 1 isa 
Soil very common here on level upland. It is of a 
mulatto color, containing a small per cent. of clay, con- 
siderable sand, and enough lime to cement it so that it 
is quite hard when in its natural condition. 

No. 2 is a type found on a hilltop. It is a very fine 
black soil upon which very little vegetation has grown 
since the Station has been in operation. 


THE AGRICULTURAL EXPERIMENT STATION. 213 


No. 3 is a rich clayey soil of a dark color, upon which 
all crops grow well whenever the location is such that 
the crops are supplied with water in moderate quanti- 
ties. The best crops grown on the farm grow upon this 
type of soil. 

No. 4 is a fine light-colored soil commonly called 
“gopher clay.” Where it crops out, it supports quite a 
scanty vegetation, as a rule. It occurs in many places 
as a subsoil. 

One can, eighteen inches in diameter and fifty-two 
inches deep, was used for each kind of soil. The cans 
were filled as the soils occur in nature. Subsoils occu- 
pied the lower parts of the cans, but the upper eight 
inches were filled with the types to be tested. All cans 
were placed side by side in a trench so that their tops 
were on a level with the surface of the ground. They 
were weighed at the beginning of the experiment and at 
intervals through the summer. Water was added from 
time to time to all the cans at the same time. The water 
was introduced through a piece of gas pipe which ex- 
tended two and one-half feet below the surface. In this 
way water equal to three inches of rainfall was added to 
each can of soil, besides the natural rainfall. Nothing 
was allowed to grow on any of the soils. After standing 
&5 days, the amount of loss was estimated. It was found 
that type No. 1 had lost water at the rate of 1,038 tons 
per acre; type No. 2 at the rate of 527 tons per acre; 
type No. 3 at the rate of 435 tons per acre; and type No. 
4 at the rate of 600 tons per acre. None of this soil was 
cultivated. Four other cans just like the ones described 
were filled with subsoil and soil of type No. 1. In two 
of these, millet was planted, while two of them were left 
bare. After 85 days it was found that the average loss 
from the bare soils was 905 tons per acre, while the aver- 
age loss of the two upon which millet was growing was 
1,056 tons per acre. The millet grew to be only four to 
six inches high before it formed heads. Three inches of 
water besides the rainfall was added to each of these 
cans also. 
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Another test of evaporation from soil surface was 
in connection with a wind-break test. Twenty galvan- 
ized iron buckets, each eleven and one-half inches in di- 
ameter, were all filled to the same level with the same 
kind of soil and sunk into the ground so that their tops 
were on a level with the surface. Ten of them were in 
buffalo grass sod and ten in a millet field. Their posi- 
tions represented a sufficient variety of exposure and 
protection to make a fair test, and to consider that they 
would represent average conditions on the farm for that 
type of soil. Type No. 1 of the soil was used, as repre- 
senting the widest area of any of the soil types found 
here. 

The buckets were left in position sixty days. Water 
was added to each bucket occasionally by means of glass 
tubes which reached nearly to the bottom of the buckets. 
In sixty days, beginning July 18th and ending Septem- 
ber 13th, the average loss of water per acre from the soil 
in the buckets was 705 tons. Nothing was allowed to 
grow in the soil in the buckets. The soil was left un- 
stirred. 


INFLUENCE OF A WIND-BREAK UPON EVAPORA- 
TION FROM SOIL SURFACE. 


In 1896, twelve rods of sod wall were built east and 
west across a field of buffalo grass which sloped to the 
south. In 1897, this wall was extended eight rods by 
building a tight board fence. All the wall and fence was 
made four feet high. Buckets were placed in the ground 
on each side of the wall. All the buckets were filled 
alike with the same type of soil. On the north side, the 
buckets were placed at one, three, five, seven, and ten 
rods distance from the wall. On the south side, they 
were placed one, three, five, seven, and eight rods distant. 
The table below shows the results of evaporation from 
the pairs of buckets during 62 days, from July 14th to 
September 14th. 
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Evaporation— 
North side of Wall, in sod. tons per acre. 
ESWGHOT Ss ONS erOM LOM Aller wrauce cits ak 0.8 ser clases cs mee toameeen 677 
BUCKEIeENECesnOGs trOnme wall it ove cen ee esses aor on eoceeaeeeees 633 
RUCK GES ive TOG Met TOnMa Wally ec ale gan. wots ceccincwee when abaitas 700 
BUCKEUS SMG erOUns -thOUd Willer cccchaie ca o@aiviariciuiiae aecan gemma 703 
Buckets: ten: rods) £romy Wallet cas <00sccs savas mai isleteiwave orotate intel 712 
South of wall in millet field. 
BUCKETSPONEe  LOGs ELOMMMWALE L oontacs sitea ess hacdrcewee cup ieeee 647 
BUCKEtSPEnTee LOS LOM Wall vesctie ere trss «dak: celemiieyecceleaetate 686 
BUCKCtS Eh VERrOUS UE OHM Wall psoas cine ccelaeitetters sie esarternjemir 738 
BuUCKEetsPSsevensrOGs fron walls Fores o'sjxtsieiosetnc sleaiea anes esleniel tes 6 764 
BUeCKeES CleHterOUSs EF Onl Wall oiscrenis s.ccnalscte « se7Ot recive ole aiejeloitte 761 


Some negative results are apparent here, but the 
general results show that the wind-break did save moist- 
ure. We do not feel able to explain the differences which 
appear. As an experiment to test the influence of wind- 
breaks upon evaporation, we consider it very unsatis- 
factory, but for testing evaporation from soil surface, 
it shows some interesting figures. The location of the 
buckets was such that their weights could be but little, 
if any, affected by the blowing of dust which had been 
considered as the greatest source of probable errors in 
this test. 


ADDITIONS TO TOOLS AND APPARATUS. 


A Campbell sub-surface packer and a Campbell Jr. 
cultivator were furnished the Station by the Union Pa- 
cific System for use as long as ten acres of the station 
land are devoted to testing the “Campbell Method of 
Soil Culture.” 

Ten galvanized iron cylinders, 18 inches in diameter 
and 52 inches deep, for use in testing evaporation and 
also in testing the amount of water used by plants, three 
dozen galvanized iron buckets for general use in soil 
work, one evaporating oven, four dozen evaporating 
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dishes, twenty feet of special copper tubing, thirty-five 
soil-sampling tubes, and one special weighmaster’s 
beam have been added to the apparatus for the study of 
soils and other problems. 


CONCLUSIONS. 


The Station has been in operation five seasons, and 
during that time no grain crop has been produced which 
would pay if the producer had to depend upon the sale 
of it for his living. Fair crops of fodder have been raised 
each year since the first, when the seed was planted on 
sod. That year was an extremely dry year, but enough 
fodder was raised then to feed the station stock until 
the next season’s crop was ready for use. 

No fair test of fall grain has yet been made. Fall 
grain was sown but one year on the Station soil. Some 
good crops of fall wheat have been raised in this county. 

The cost of producing fodder is the most important 
question to be considered in this region. It is believed, 
from our experience here, that fodder can be produced, 
on a large scale, at a cost of not to exceed two dollars 
per ton. The figures below show the estimated cost per 
acre of growing fodder. 


Preparation Of ground andaplantinecaner semester $1.00 

SCCM sisictecaicse'sivinin s balsisnct a eee REE ee eee OEE 10 

E Cultivating three times sane seen eee cee eee 1.20 

Cuttine-and putting, in! shocker ase eeee eter 1.00 
Total 


iedny¥/oIaXecate a: slave et nage Ss nyo Ce lee RAE eee eee $3.30 


The yield of the Kaffir corns and of Early Amber 
cane is usually between one and one-half and five tons 
per acre. If improved harvesting machinery be used, 
we believe that the cost of putting fodder in the shock 
would be still less than the above estimate, which is 


based upon the use of sled cutters in harvesting the fod- 
der. 
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Report of the Arkansas Valley Experiment 
Station. 


a 


To the Executive Committee of The State Board of Agricul- 
ture: 


Gentlemen—Herewith is presented the Eleventh 
Annual Report of the Arkansas Valley Experiment Sta- 
tion. 

My connection with this Station dates from March 
1, 1898, at which time the schedule of the season’s work 
had been adopted: hence the most of my duties have 
been to carry out the line of work laid down therein, as 
far as conditions would permit. 

The present year has been an unfortunate one for 
the agricultural interests of a large portion of the Val- 
ley, including the Station. 

On the 6th day of June, a severe hailstorm devas- 
tated this section, and for the time being thrifty crops 
were transformed to a bare waste. 

Nor was the destruction of the crops the only se- 
vere feature of the storm affecting subsequent agricul- 
tural operations, as is evidenced by the poor mechanical 
condition of the soil induced by the severe flooding. 

For nearly eight hours most of the station Jand was 
under water to a depth of about eight inches, the effect 
being thoroughly to compact what was previously a 
loose, mellow soil, which conditions could not be over- 
come by surface cultivation. 

The season, in general, has been characterized by 
an excess of rain and by moist conditions, causing heavy 
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dews. An unusual amount of fungous diseases has 
been prevalent. 

During the storm referred to, 2.08 inches of rain and 
hail fell in two and one-half hours. 

Subsequent to this, and of results almost as disas- 
trous as the previous one (except no hail), was the storm 
of July 8th, when 1.5 inches of rain fell in a few hours; 
sufficient again to place the station land under a con- 
siderable depth of water. 

An excess of water is very detrimental to the soils 
of this Valley, especially so if allowed to stand. Better 
results would often be obtained by more cultivation and 
less irrigation. 


AGRICULTURAL DIVISION. 


Wheat—The wheats grown for a comparative test 
were destroyed by the hail of June 6th, at which time 
they were well headed. 

The last week of September 1898, twenty-one varie- 
ties, including some Russian wheats, were sown on 2.8 
acres of land. 

March 17th, 350 pounds of Polish wheat, or Mam- 
moth rye, were sown on 3.7 acres of land. This seed 
came up nicely without irrigation, and the crop was 
looking well at the time of the hail, just as the heads 
were forming. 

All the main stalks were destroyed; the tillers af- 
terwards grew and produced 35 bushels of grain. 

We consider this grain a valuable one that promises 
to enter largely into feeding rations. It produces well 
with but little water, and is especially valuable for lands 
under canals with scant water supply. 


Corn—Test on culture; cultivation versus irrigation. 
The schedule called for nine acres to be laid off into 
plots of one acre each and treated as given in Table I. 
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No. of plot 


1 


oC 7 


TABLE I. 


No. of cultivations. 


3 


w 


el ae) 


No. of irrigations. 


Be we 8 FF bw fF pw 


Table II. gives the dates of cultivation and irriga- 
tion, together with the yield. 


No. of plot. 


© CO =1 D> ON FP © bk 


Yield in 
pounds. 


1,775 
2,010 
2,005 
2,120 
2,115 
1,695 
2,395 
2,215 
1,685 


TABLE II. 


Dates 
of cultivation. 


July 6and 12, Aug. 4 
July 6and13, Aug. 4 
July 6 and 13, Aug. 4 


July 7 and 12 
July 7 and 13 
July 7 and 13 
July 12 
July 12 
July 12 


Dates 
of irrigation. 


July 22, Aug. 8 and 23 
July 22, Aug. 9 

July 30 

July 23, Aug. 8 and 23 
July 28, Aug. 9 

July 30 

July 27, Aug. 8 and 24 
July 27, Aug. 9 

July 29 


This land was planted to Golden Beauty corn on 
May 14th, and at the time of the hail was up, in good 
stand, about four inches high. The storm reduced the 
stand considerably by covering some hills with mud. 

The whole crop had received the same.attention up 
to July 6th; viz., one cultivation with shovel plow to 
kill small weeds, and after the hail the use of an Acme 


plow to stir the soil. 


Some hogs running at large de- 
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voured a considerable quantity of corn on Plat 1, and 
for this reason this plat must be eliminated in drawing 
any conclusions. 

The fertility of this soil was not uniform, as we 
afterwards learned; cattle having been fed upon plats 
7 and 8 the previous winter. 

In general it may be said, that corn should seldom 
be irrigated until near the time of tasseling; after which 
one more irrigation will be sufficient to produce the crop. 

Corn on alfalfa sod—This is the third year corn has 
been grown continuously on this land (4 acres) for the 
purpose of testing how long the fertility of alfalfa will 
remain. 

One and one-half acres near by were planted at the 
same time as a check upon this work. The first men- 
tioned produced 8,470 pounds of ear corn, equivalent to 
30.2 bushels per acre, of 70 pounds each. 

The latter portion produced 3,535 pounds of ear 
corn, or 33.6 bushels per acre. 

The appearance of the corn during growth showed 
very plainly that the fertility from the alfalfa had been 
exhausted. The unhealthy, yellow appearance showed 
that the supply of nitrogen was not sufficient for a max- 
imum crop. On the check portion (a soil naturally much 
weaker), the growth was rank and of a dark healthy 
green. 

Grasses and Forage crops—Under this head, as out- 
lined in the schedule, the following were sown :— 

Turkestan alfalfa, Italian Rye grass, Brome grass 
(Bromus inermis), Tall Meadow Oat grass, Kentucky Blue 
grass, Sheeps’ Mescue, Meadow Fescue, Idaho coffee pea, 
Mummy field pea, Southern cow pea, Soja bean, Rape, 
and Hairy Vetch. 

The alfalfa and brome were sown April 14th and a 
good stand secured, but the hail beat them to the ground 
so severely that the weeds took the start and choked 
them out. 


The alfalfa was sown September 9th, and promises 
to do well. 
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The rye grass and fescues are also a failure, due to 
hail and weeds. 

The meadow grass was not sown until June 28th, 
and promises to be of value. 

Some are growing the Kentucky blue grass for pas- 
ture. It can not be utilized for this purpose except where 
water is abundant. We are of the opinion that fall is 
the preferable time to sow this grass, as the weeds do 
not then become so troublesonie. 

The Idaho and field peas were severely injured by 
the hail. Of the former, we threshed 300 pounds, or 
nearly 14 bushels per acre. It is probable that under 
norial conditions 30 bushels per acre can be grown. 

Early field peas might be grown to a profit. Asa 
food for young hogs during the summer months, when 
growth and not fat is desired, they are excellent. 

The hail required us to replant the cow pea and 
soja bean. The former ripened but few seeds; only the 
earliest varieties will be productive here. We think it a 
plant of much value, both for its grain and as a fertilizer 
for small tracts. 

The Hairy Vetch—This we wish to test both for its 
value as a forage plant and green fertilizer. Two sow- 
ings were made, May 23d and again in July. Early sow- 
ing of this plant is not desirable as but little growth is 
made during the hot weather. Further time is necessary 
to determine its value. 

Assex Rape—An early planting was destroyed by the 
flea beetle. 

A second planting, August 3d, made a growth of 12 
to 16 inches, but we do not consider it a desirable plant 
here. 

Since the Station has been in operation, tests have 
been made of most of the more common grass and forage 
plants. But three were growing when I assumed charge, 
Bromus inermis, orchard grass, and red clover. <A test of 
the first for the past six years has not established it as 
a pasture grass for this section. It commences to grow 
quite early in March but in summer does but little, again 
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making some growth in the fall. We think in sections 
of greater rainfall and lower mean temperature it would 
prove valuable. However, to test it still further, a fall 
sowing has been made and is doing well. 

From our present knowledge we consider orchard 
grass the best one for pasture purposes. It thrives either 
alone or in connection with alfalfa. At the time of the 
hail it stood from 24 to 3 feet high. It resists drouth 
well, and for pasture or to improve the quality of alfalfa 
it can be advantageously used. 


GARDEN. 


Celery—Three varieties of celery were grown, White 
Plume, Golden Self Blanching, and Boston Market. 

This plant requires a moist, cool, loamy soil made 
very rich by heavy manuring. 

Our trials have shown the following particulars 
must be observed :— 

Run off quite deep furrows east and west and place 
the plant on the south side of them to insure partial 
shade. None but the strongest plants should be used, as 
the smallest will not survive the heat. 

For a time, after transplanting, almost constant ir- 
rigation must be given. Of the two early varieties we 
much prefer the White Plume for its richer and better 
flavor. 

The only method of blanching used was with earth. 
More extended notes are reserved for the future. 


Potatoes—Our trials comprised five varieties, Bur- 
bank, Barclay’s Prolific, Rose Seedling, Prolific Rose, 
and Mammoth Pearl. 

On a half acre plat, May 2d, twelve rows, each 100 
feet long, were planted to the Rose Seedling variety to 
compare the time of planting with that of a later date. 
May 25th, the remainder of the half acre: was planted to 
the above varieties; twenty rows being of the Rose Seed- 
ling. 
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To five rows of this variety wood ashes were applied 
in the furrow. <A top dressing of 150 pounds of gypsum 
was applied to six rows June 28th. 

The following table gives the area and yield of the 
different varieties; no mention being made of those too 


small for seed purposes. 
Yield per acre 
No. of rows Total yield in bushels. 


Variety. each 100 feet. in pounds. Estimated. 
HLGSe? SCCGIINS. 2h Lene ces > cheno a 9 116 31.1 
PS CRE ETIRS -< hasss Aime a bem os eT 7 400 138.0 
Barelay's  PTOMU|CIaksts 05s ste 7 275 94.8 
Mammoth “Pearl ss.css cee 300 90.5 
EUOSem PEOWN Ga codeneccm se sea cea 315 95.0 


From the five rows treated with ash we secured 40 
pounds, from those treated with gypsum 90 pounds, and 
from the twelve rows planted May 2d, 98 pounds. Our 
experience, as well as the tests of former years, has shown 
that the early plantings are not successful nor are early 
maturing varieties as productive as the late maturing 
ones; that to insure success late blooming varieties and 
late planting are essential. 

As a further test six rows each (100 feet long), were 
planted of the Burbank and Rose Seedling varieties and 
covered with straw to a depth of eight inches. 

The former yielded 182 pounds and the latter 72 
pounds. There is no advantage in this method; the po- 
tato requiring cultivation to secure best returns. 

A difference in the mechanical condition of the soil 
was noticeable where gypsum had been applied; its tend- 
ency being to make it more mellow and friable. 

The soil and climate here do not favor the potato, 
but we see no reason why by judicious planting and irri- 
gation the farmer should not supply his own needs. 

Of the varieties tested we much prefer the Mam- 
moth Pearl on account of its smooth growth and uniform 
size. 

Sugar-beets—One-half acre of beets was grown, un- 
der instructions from the Agricultural Section of the 


15 
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College, to derive information in regard to the follow 

ing :— 

a) The best time to plant. 

) The proper depth to plant. 

) The quality of water required. 

) Irrigation versus natural moisture for the 
germination of the seed. 

Four plantings were made, April 18th, May 2d, May 
16th, and June Ist. 

The plants from all sowings (except June 1st), were 
up at the time of the hail and were greatly injured by it. 
The rainfall this year has been sufficient to grow good 
beets. From a plat planted to the Vilmorin variety, and 
irrigated four times, 1,300 pounds were harvested; from 
the same amount of land without irrigation, 1,315 
pounds; and from the plat receiving one irrigation, 1,565 
pounds. Our work shows that 18 inches between the 
rows is not sufficient where irrigation is employed; that 
two feet is close enough, and where the product is de- 
signed for stock use a still wider distance is preferable. 

The half acre produced a total yield of 7 tons and 
855 pounds. 

As the work with the sugar-beet will probably ap- 
pear in bulletin form, further details will not be entered 
into in this report. 


HORTICULTURAL DIVISION. 


Orchards—Twenty-nine varieties of apples, in the 
old orchard, put forth bloom from the 24th to the 30th 
of April. 

The hail destroyed all of the first set except those of 
the Ben Davis variety, which were afterwards used in 
taking notes upon the codling moth. But two varieties 
of pears remain in the orchard (Keiffer and Longworth), 
which blighted in the bloom. 

The work with the blight has comprised; first, spray- 
ing with the Woodbury Blight Cure and with the Bor- 
deaux mixture; second, to determine to what extent the 
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blight may be carried to healthy trees in the operation 
of pruning and to note the efficacy of a germicide upon 
the implements employed. 

In the spraying experiments, trees were left in such 
localities as carefully to check our work, and the results 
of this year show that no benefit is derived from either 
of the mixtures used. 

The directions for applying the former, together with 
the Woodbury wash, were strictly adhered to, and had 
the farmers of this vicinity been content to allow the 
Station to test it before they purchased, hundreds of dol- 
lars might have been saved to them this year. 

All vacancies in the young orchard were filled with 
the same varieties as formerly set, as far as they could 
be obtained. 

Nearly all these trees had commenced a good growth 
when the hail of June 6th stripped them of their bark 
from the ground to the top of the tree. 

The stone fruits repair the damage done by such 
storms much more rapidly than do apples or pears. 

There are in this orchard at present 119 trees, com- 
prising apple, peach, plum, cherry, quince, apricot, and 
nut that appear to have survived the storm sufficiently 
to remain. 

Of the elm trees set along 80 rods bordering the 
avenue, all but one are living. 


INSECTS AND FUNGOUS DISEASES 


Experiments to ascertain the per cent. of wormy to 
non-wormy apples were conducted upon eleven Ben 
Davis apple trees. 

The same trees were also used to determine the num- 
ber of worms going down the tree compared to those go- 
ing up. 

The results of the work have been reported to Pro- 
fessor Gillette, and further investigations along this line 
are contemplated. 
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The Striped Cucumber beetle, which is very destruc- 
tive to the cantaloupe plant, first appeared (in increased 
numbers) during the last week of May. Experiments as 
to the best means to combat this insect were conducted 
but were not completed owing to the destruction of the 
plants by the hail. 

The remedies used were Paris green, tobacco water, 
kerosene emulsion sprays, and dusting with a mixture 
of lime and Paris green. 

The emulsion is the only effective remedy of those 
above mentioned. Dusting the plants with lime and 
Paris green answers for a short time, but the beetles 
may soon return. 

Notes were taken upon the Strawberry Leaf-roller, 
and upon an adjoining patch we are studying the efficacy 
of burning the vines in the fall to rid them of this insect. 

The 8-Spotted Forester, which eats the leaves of the 
grape in May, is successfully combatted with a Paris 
green spray (10 oz. to 10 gallons of water). 

A. poison spray is effective for the Yellow-Necked 
caterpillar, which destroys the foliage of the apple. 

Cottonwood-leaf beetles appeared in abundance upon 
the trees belonging to the poplar family. A poison spray 
may be used to combat them. 

The Melon louse appeared upon the cantaloupe vines 
in a few localities. It is important that this insect 
should be at once exterminated to avert serious injury 
to an important industry. Some information to this end 
was given our farmers by means of the local press. 

A fungous disease affecting the cantaloupe has 
proven quite serious in a few localities. 

In conjunction with Professor Crandall, we are in- 
vestigating the subject, and experiments to control it 
may be entered into another year. 

The bean blight has proven quite serious and sug- 
gests future study. 

Mildew was more troublesome than usual on ac- 
count of an unusually moist season. 
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METEOROLOGY. 


Records of temperature, hygrometer, precipitation, 
wind, clouds, and sunshine have been kept and reports 
sent monthly to the Department of the College and to 
the Weather Bureau in Denver. 


FERTILIZERS. 


Decomposed gypsum and wood ashes constitute the 
fertilizers employed for experimental purposes. 

Upon 124 square rods of land, that had previously 
» received so much water as to destroy its productiveness, 
gypsum was applied to alternate plats. This land had 
been plowed in the fall and coarse manure spread upon 
it during the winter. In the spring the soil appeared 
quite mellow and apparently the freezing and thawing 
had put it in proper condition for crops. It was again 
plowed this spring and corn and beans (which are widely 
different in character) selected as the crops to be grown 
upon it. 

Upon one-half (48 square rods) the area planted to 
beans, 375 pounds of gypsum were applied as a top 
dressing. The blight seriously affected them and a yield 
of 156 pounds was secured from the plat receiving gyp- 
sum, while that receiving no application returned 150 
pounds. Three plantings were required to secure a stand 
of corn upon this soil; there seemed to be some condition 
not favoring germination. The stand that was secured 
was late, making an excellent growth of stalk but not 
thoroughly maturing the grain. 

From 18.7 square rods receiving gypsum 276 pounds 
of ear corn was obtained; from the same area, but no 
application, 178 pounds were taken. Brome grass was 
not benefited by an application of gypsum. We also ap- 
plied it to trees, but time is needed to determine results. 
Our work with gypsum this year was not intended to be 
more than preliminary. 
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While we do not look for any decided benefits from 
its application to soils similar to those of the Station, 
yet there is much land in this Valley that would be 
greatly benefited by its use, as we know from former 
trials with it under similar conditions. 


FEEDING EXPERIMENTS. 


An important line of work was inaugurated this fall 
when fifteen calves were purchased for experimental 
feeding. 


ALFALFA. 


About three acres of land was seeded to alfalfa, 
September 9th, and at the present writing it is looking 
well. About 30 tons of alfalfa hay, which will be used 
for feeding purposes, have been put up. 


CONCLUSION. 


Many items of importance accumulate, in the course 
of experimental work, that can not be enumerated in a 
report like this, but may prove to be of much value in 
the work of the future. 


Respectfully submitted, 
HA GRIPEIN; 
Superintendent. 


Rocky Ford, Colorado, November 30, 1898. 
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LETTER OF TRANSMITTAL. 


To His Excellency, Charles S. Thomas, Governor of 
Colorado: 

I have the honor to transmit, in accordance 
with the act of Congress establishing Agricultural 
Experiment Stations, the twelfth annual report of 
the Agricultural Experiment Station of Colorado. 
The financial statement is for the fiscal year end- 
ing June 30, the other operations being reported 
substantially for the calendar year. 

Respectfully, 
L. G. CARPENTER, 


Jan. 15, 1900. Drrector. 


Secretary’s Financial Statement of the Experiment 
Station Fund, for the Fiscal Year Ending June 
30, 1899. 


heceipts— Hatch Fund. Special Fund. Total. 

United States Treasurer....... BECTON on nacagoas 
Balance on hand July 1,1899... ......... $ 763 66 
Rent, farm, miscellaneous sales. ......... 1,212 01 
Sheep feeding saless® .4.-ujea eee ete ers 837 76 

Po taldsrsivs.«, Soo errs $15,000 00 $2,813 48 $17,818 43 

Disbursements— 

Salaries neice. ome meets .$ 9,082 69 $1,041 638 $10,124 32 
LUN 61) oS ARO OBee cio OOauSe 2,246 45 497 28 2,743 73 
iPulblicationsins.c-/-1-reaeeee ae 1,369 95 205 55 1,575 50 
Postage and stationery......... 48 30 9 70 58 00 
Freight and express............ 48 61 16 40 65 01 
Heat lightiand swatereeercr nee erent 41 05 41 05. 
Seeds, plants, sundry supplies... D512) Capea 251 52 
Hertilizerstrs cause eens 12 00 144 78 156 78: 
Heedin giustultss sc. eee eee 21 00 2 05 23 05: 
Tools, implements, machinery.. 30 24 21 53 51 78 
Scientific apparatus........... 196 97 27 27 224 24 
Eiviomis toc seein oeists x ete tecete 668 43 270 00 938 43 
Traveling expenses............ 861 86 122 70 984 56 
Contingent expenses........... TO OO Sartor ceneters 10 00 
Buildings and repairs.......... 151 97 21 80 173 77 

Total expenditures........ $15,000 00 $2,421 74 $17,421 74 
Balanceron hand duly .l1809 ae ee 391 69 391 69 

Totals 


PR IN ROMER IAE Re oa ooo. $2,813 48 $17,813 43 
; A. M. Haw ey, 


Secretary of the State Board of Mgriculture. 


REPORT OF THE DIRECTOR. 


To the Executive Committee of The State Board of Agri- 
culture: 


GENTLEMEN—Having assumed the responsi- 
bilities of Director on September first, the fiscal 
year (ending June 30th) covered by this report 
had already closed. While the reports of the 
sections are brought to November—a more con- 
venient date for reporting the operations of field 
work—a large part of the work reported is prior 
to the term of the present Director. 

Since the last published report no change has 
taken place in the scientific staff of the Station. 
Mr. J. E. DuBois, who, for four years, had been 
Secretary of the State Board of Agriculture, and 
as such came in close contact with the Experiment 
Station, gave up on account of poor health, and 
was succeeded by Mr. A. M. Hawley, of Canon 
City. The pleasant personality of Mr. DuBois 
made his death, shortly afterwards, seem a personal 
loss. The termination of the services of Alston ° 
Pitts A Me Phy Ds LL» Di;~as President off the 
Agricultural College, thereby took from the direct- 
orship one who was energetic in his management 
of station interests. 

The available time has been largely occupied 
in the organization of the details of the office, in 
getting hold of the various threads of the past 
history of the Station and its branches, and in a 
study of the financial details as a means of obtain- 
ing an insight into the present condition and as a 
guide for the future. The routine business and 
correspondence has increased, but it is evident 
that it may and should become greater as we come 
in closer contact with the agricultural population 
of the state. The office of the Director has been 
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changed from its recent location in the President’s 
office, some new equipment obtained and other 
ordered. 

The change in the organization of the Station 
and its formation with its own executive head, 
marks a change in the plan followed for some years 
back and gives occasion for a more careful consid- 
eration of the relation of the Station tothe College 
and its form of organization, in order that the 
conditions should be most favorable for efficient 
work. 

At the time of the official inspection by the. 
Department of Agriculture, Dr. A. C. True, who 
has the oversight of the Experiment Stations of 
the United States, met some members of the Board, 
and in the course of the conference expressed the 
result of his experience. He was requested to 
write the principles which experience had shown 
to be desirable in the organization and manage- 
ment of Experiment Stations to obtain the best 
results. This he did in the following letter, which 
it is desirable to permanently record. The recom- 
mendations involve added duties and responsibility 
on the Director. While it has its undesirable side 
for the occupant, it also represents the recommend- 
ations obtained from the most successfui stations 
represented at the July meeting of the American 


Association of Agricultural Colleges and Experi- 
ment Stations: 


OrricE oF EXPERIMENT STaTIONs, 
Washington, D.C., Aug. 19, 1899. 


Hon. P. F. Sharp, Denver, Colorado: 

Dear. Sir—Referring to our recent conversation regarding the 
organization and work of the Colorado Experiment Station, it seems 
to me that the following points should especially engage the 
attention of the governing Board in considering the reorganization 
of the Station: 

1. The Station is, under the law, a department of the College, 
and as such, should have an organization which will consolidate it 
to work asa unit. Experience shows that this can best be done by 
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giving the Station its own executive head (a director), and organ- 
izing a staff to work under his immediate direction. 

2. The Director should be made fully responsible for the 
planning and carrying out of the work of the Station, for its 
expenditures and publications, and for the management of all 
business details, and he should be given ample authority for these 
purposes. The Board should look to him for the initiative in all 
matters relating to the Station, including the nomination of members 
of the staff, and should ordinarily confine itself to the appointment 
of the officers of the Station and passing upon the plans for work 
and expenditures submitted by the Director, through the president 
of the College, and auditing accounts. The Director and other 
chief officers of the Station should be chosen to serve during good 
behavior and efficiency, and the plans of work and expenditures 
should be submitted to the Board annually. 

3. Tbe members of the staff should be individually responsible 
to the Director as regards Station work and should be held to the 
performance of work ordered by the Director, which would often 
involve the co-operation of several membere of the staff. As mem- 
bers of the Station Staff, the professors should be distinctly sub- 
ordinate to the Director. In this respect they should hold a 
different position as regards Station work from that which they 
bold as instructors in the College. Thus the professor of chemistry 
is the head of the department of chemistry of the College, as far as 
instruction goes, and, as such, is subordinate only to the president 
of the College, but as chemist of the Station he should act under 
tne orders of the Director. 

4. The Station Council should be simply an advisory body, 
holding meetings for consultation on Station interests, but voting, 
if at all, merely to express opinions. 

5. The general plan of expenditures should be drawn up 
annually by the Director, after consultation with members of the 
staff, and approved by the Board. This should include estimates for 
salaries, expeases of the several departments, publications, etc. 
There should always be a certain reserve fund, to be spent at the 
discretion of the Director, to meet emergencies arising during the 
year. 

Expenditures should be made on requisition drawn by the 
different members of the staff and approved by the Director, and 
all bills should be approved before payment by the Director. 
The accounts and vouchers for each year thould be finally audited 
and endorsed by a committee of the governing Board. 

6. The main work of the Station should be along one or two 
lines, and all members of the staff should co-operate in this work, as 
far as practicable. This need not exclude smal!er pieces of work in 
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a few other lines, and it is well for each depertment to have some 
work in which 1t is alone concerned. In Colorado it seems natural 
and desirable that the Station should concentrate its work on 
irrigation problems, and it should be a leading authority on these: 
problems. 

Plans for the wor‘ should be carefully drawn up annually by 
the Director, after consultation with members of the staff and when 
approved by the Board should be carried out carefully and vigorously. 
Careful attention should be given to the proper recording of work, 
and the Station records shuuld be preserved in fire proof safes 
or vaults. 

7. Mil the work of the Station, wherever conducted (whether 
at Fort Collins or in other localities in the state), should be under 
the immediate charge of the Director, or such member of the staff 
as he may assign to bave charge, and the Director should be made 
responsible for the management of all work without regard to 
locality. Sub-stations are not contemplated by the Hatch Act and. 
have generally proved very expensive and of little value, those in, 
Colorado not being exceptions to the rule. 

The Station should work for the general interests of the- 
agriculture of Colorado and ehould carry on its investigations. 
wherever they can best be prosecuted, but should be free to move. 
its field work from point to point as the requirements of the work 
may demand, It is not fair to the farmers of the state to maintain, 
expensive sub-stations in two or three favored localities. The 
amount of field work to be done at Fort Collins should be deter-- 
mined by the nature of the investigations pursued by the Station 
at any particular time and may be relatively small. If the Station, 
is organized to pursue a series of special investigations for the benefit 
of Colorado agriculture, there will be little difficulty in deciding 
where the work can best be done. The location of the work in any 
given instance should, of course, be left to the Director andi 
other expert officers of the Station. 

I am not sure I have covered ail the points you desired me 
to touch upon. I shall, of course, be glad to write you further at 
any time Very respectfully yours, 

A.C. Tru. 


The December meeting of the State Board 
of Agriculture adopted regulations governing 
the Experiment Station in accordance with the 
recommendations of Dr. True. 


The work of the Station is by no means con- 
fined to the region near the home Station, but has. 
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extended throughout the state, as needs have re- 
quired. The principal railroads of the state have 
cordially aided by furnishing transportation over 
their lines to a greater or less extent. The Santa 
Fe, the Burlington, the Union Pacific, the Colorado 
& Southern and the Denver and Rio Grande are 
all entitled to our grateful acknowledgments for 
such courtesies to various members of the Station 
force. 

The demands from Colorado, a state with an 
area as great as New England and New Jersey 
combined, with climate ranging from Kansas to 
Spitzbergen, make varied calls on a single Station. 
The range of questions is greater because the state 
does not have the experience that becomes com- 
mon knowledge in old farming localities. Dis- 
tances are great, trips extending 300 to 500 miles 
from the College are of almost weekly occurrence. 
The Entomologist or his assistants has made sev- 
eral trips to Grand Junction, on the Western 
Slope, to examine the reported ravages of an 
insect on sugar beets; a collecting trip to the San 
Luis valley and Gunnison; another through the 
Arkansas valley, and to Trinidad; one down the 
South Platte, returning via Cheyenne; one on the 
plains, and one through the mountains, these 
latter having as principal objects the study of the 
grasshopper and an examination into the reported 
appearance of the destructive Rocky Mountain 
locust. 

The Botanical Section made several trips by 
rail and by wagon, lasting, in one case, for several 
weeks, and extending into the high mountains and 
the Western Slope, in connection with the study 
of grasses, and for collecting purposes; also into 
the Arkansas valley, to examine the reported canta- 
loupe diseases. 

The Section of Meteorology and _ Irrigation 
Engineering has carried on considerable work in 
the Arkansas valley, requiring the presence of one 
or more from the force for a greater part of the 
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season. Numerous trips have extended as far as 
the eastern part of the state. The whole 200 
miles from the foothills to Kansas have _ been 
traversed more than once on wheel and by horse. 
Numerous series of measurements to determine 
the amount of water used have been carried on by 
the co-operation of various public spirited and 
generous individuals; about 500 miles of measure- 
ment to determine the seepage gain of streams 
taken, etc. Trips have been taken to timber line 
to observe the effect of forests on the preservation 
of snow, etc. 

The Agriculturist has continued work relating 
to the sugar beet, and the various co-operative 
experiments in many parts of the state have 
caused him to frequently visit widely separated 
localities. 

While the work of the Chemist is principally 
done in the laboratory, the subjects under investi- 
gation, and demands, have caused the services of 
the Section to be of use to many parts of the state. 


Our bulletin mailing lists show a total of 5,800 
names, of which about 3,500 are in Colorado; 300 
are sent to newspapers and periodicals in Colorado, 
and 800 to periodicals, exchanges, institutions and 
individuals in other states, and 1,200 to Experiment 
Stations. This list should be increased in this 
state. It is intended to rearrange and classify the 
mailing list so that people desiring only a special 
line of bulletins need not be sent the whole list. 
We should encourage the preservation of bulletins 
for permanent use, and when the available number 
is small, give preference to those who pre- 
serve them. A file of bulletins becomes of con- 
siderable value, greater as the file is complete, and 
this is not less true of our own than of other 
states. Our earlier bulletins are already rare and 
difficult to obtain. That they are appreciated by 
some is seen from the fact that as high as $5 has 
been offered for copies of single bulletins. The 
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question. of how best to reach the individual who 
uses the results, will be more seriously considered in 
the management of the Station. Our list should 
be greater. We need a more intimate connection 
with the agricultural communities. 

Press bulletins are under consideration, and 
within limits, are looked on with favor. The large 
bulletins too often do not reach the individual who 
may be benefited. How best to do this will always 
be a problem. It is evident that many do not take 
time to read the bulletin, which can not be 
issued promptly to meet any sudden need. Some 
medium of promptly communicating to the public 
any important information, the result of inyesti- 
gations which, from their character or incomplete- 
ness, are not adapted for a bulletin proper, or 
other information, is needed. Under our condi- 
tions, with agricultural papers few in number, and 
with diversified interests in the state, such a series 
must be sent to a larger list of individuals than 
where local and agricultural papers form a more 
complete medium of distribution. 

Besides the bulletins as a means of communi- 
cating the results of researches to those interested, 
the members of the staff have freely attended such 
farmers’ institutes as have requested their services. 
While these take time and extra work, the personal 
contact with the farmer under conditions favorable 
to an understanding of the problems inthe various 
parts of the state, is an advantage to the worker on 
the Station. : 

During the fiscal year the following bulletins 
were issued and distributed: 


No. 47. Cojorado’s Worst Insect Pests and Their Remedies. 
54 pp., 36 ill, by C. P. Gillette. 

No. 48. Losses from Canals from Filtration or Seepage. 36 
pp., 2 figs., by L. G. Carpenter. 

No. 49. Meteorology of 1897, with Illustrations. 72 pp., 18 
figs., by L. G. Carpenter and R. E. Trimble. 

No. 50. Notes on Plum Culture. 48 pp., 18 plates, by C.S. 
Crandall, ae 

No. 51. Sugar Beets in Colorado in 1898, 44 pp., by W. W. 


No. 52. I. Pasturing Sheep on Alfalfa. IJ. Raising Harly 
Lambe, by W. W. Cooke. 
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The Station consists of five sections and two 
sub-stations. The plans for work for the year are 
shown in the outlines submitted with this report. 
A description of the principal features of the 
work is contained in the reports of the sec- 
tions and by the sub-stations, to which your 
attention is called. There are other details, lists 
of fruit, records of weather, etc., which are desir- 
able to make a matter of record, but have not 
been asked for this report. 

The work of the Station on sugar beets 
has had much to do with calling attention to the 
adaptability of Colorado for the production of 
sugar. Bulletins), Sas 4, V2.5 9306 oer 
and 51 have been given to this subject, be- 
sides «the ‘data given in the various reports: 
One factory is already built, and two others are 
expected to be in operation for the crop of another 
season. 

The Entomologist has rendered valuable aid 
with the insect pests which have shown themselves. 
A special press bulletin was issued in August to 
place a knowledge of the means to combat the 
insect in the hands of every one needing it. A 
copy was sent to every person in the state who was 
known to be growing sugar beets for factory pur- 
poses. 

Some work done by the Botanical Section and 
the superintendent of the Arkansas Valley Station, 
In attempting to combat the ravages of blight 
affecting the cantaloupe industry, gives promise of 
SUCCESS. 

Work in continuation of the study of the 
water resources of the state was continued by the 
Irrigation Engineer. Several hundred miles of 
streams were measured in detail, and measure- 
ments and study continued on a number of farms 


orchards, many of them in the Arkansas 
valley. 
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The sub-stations also present their work. Both 
superintendents have worked earnestly and con- 
scientiously, but under difficult circumstances. The 
prevailing idea of a Station farm is, that it should 
be a model farm, and should do better in each crop 
than the specialist. These are impossible expect- 
ations. More than that, as defined by the Depart- 
ment of Agriculture, it is not the function of an 
Experiment Station. The idea, however, hampers 
the work. The cost of farm operations is great 
and does not produce an adequate return for the 
outlay. The lines in which the Station has 
accomplished the most, with small outlay, is where 
the work has been carried on largely with the co- 
operation of individuals. The farming features 
at both the main Station and the sub-stations have 
met with sharp criticism from the United States 
Department of Agriculture, who say that it is not 
only an illegal use of the Hatcli fund, but it is un- 
fair to the other farming communities to confine 
the work to a favored locality. The fact that the 
results from co-operative work, where individuals 
throughout the state have furnished the fields and 
equipment, has given more results at a far less 
expense, shows, as a business proposition, the 
advisability of changing the character of the work 
at the sub-stations. 

The sub-stations have cost the Hatch fund in 
round numbers: 


Peas Stationei. ee $ 7,200 
Teaches. eet ei ae ns 8,000 
Sane tice alleyaio ty nts 15,400 
Pekatisas Valleyue ett os: 28,000 


There have been receipts of $9,200 from 
the Arkansas Valley, and $2,000 from the others. 
This reduces the net outlay, but can not be 
returned to the Hatch fund. 

The Arkansas Valley Sub-station is located 
about two miles east of Rocky Ford. At first it 
was called Bent County Station, but on the division 
of that county, its name was changed to the present 
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one. The land had been under lease to Hon. G. 
W. Swink, but was relinquished by him and the 
land deeded by the state to the State Board of 
Agriculture “so long as it should be used for an 
Experiment Station.” For the past two years 120 
acres have been leased, leaving 80 acres under the 
supervision of the superintendent, of which per- 
haps the larger part may be termed farm crops, 
raised experimentally. The lines of investigation 
have been many. The superintendent has been 
faithful and devoted, but has been under difficult 
conditions. During the past year some time has 
been given to the work on problems off the Station 
farm, and, as in these cases the superintendent 
does not have to attend to other than the ques- 
tions under investigation, the results reached are of 
greater value and the expenditure little beside the 
time required. More of such work is needed, 
in other lines than cantaloupe. blight and 
the codling moth. The sugar beet questions of 
that valley will bring a host of questions, where 
the time of such a man can do far more than can 
possibly be done on the Station farm, and the con- 
ditions there need such aid from us. The cost of 
the Station, from the Hatch fund, has been 
$27,909.14.. It has given receipts. of $0;164126 
(which could not enter the Hatch fund), or a net 
cost of about $19,000. 


The name of the Rainbelt Sub-station has 
been changed to the Plains Sub-station. 

The Rainbelt Station was established in Tp. 
14 S Range 44 W, by the legislature of 1893. A 
sum of $2,500 was appropriated by the legislature, 
and $1,200 furnished by the community. The 
Station was opened in 1892,’ on land conditionally 
deeded by the Union Pacific railway. The present 
superintendent, a graduate of the Kansas Agricul- 
tural College, took charge in 1896. The grounds 
of the Station show almost the only spot of green 
along the line of the railroad for a couple hundred 
of miles. The plains are well worthy of careful 
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and prolonged investigation. The nature of the 
questions negatives the idea of immediate results 
along the most important lines, yet the work already 
done makes it seem more than hopeful. With a 
limited sum of money the time of the superintend- 
ent is the principal available means. It is certain 
that the present arrangement, whereby the super- 
intendent is tied down by the exacting demands 
of the area under cultivation, is not calculated to 
give the best returns. An arrangement by 
which the superintendent may be enabled to 
study the Plains in a broader way, and to 
study the methods already tried by others in east- 
ern Colorado, will furnish a fund of information 
which may save some costly experience, and will 
result in more positive gains. Even if 
means should be found to continue the Station on 
the present lines, such a method would be the best 
in results. 

TVhevtotak cost’ of thet Station, -to “date, has 
been approximately $7,200. 

Calling this Station the Rainbelt substation 
has given apparent support to a notion at one 
time prevalent of a belt in eastern Colorado with 
more rainfall than the plains either east or west, 
and with enough for ordinary agriculture. This 
discredits the station at the outset, for while its 
purpose is to find the truth, it appears under the 
shadow of a false claim. As this station comes 
immediately in contact with questions of the plains, 
and these are the ones which justify 1ts continuance, 
it would be well to call it in future the Plains sub- 
station. 


The San Luis Valley Substation was organ- 
ized in 1888, on land deeded conditionally to the 
State Board of Agriculture. 

The location was poor, and several exchanges 
were made before the present location was obtained. 
It consists of 160 acres deeded to the State Board 
of Agriculture, so long as used for the purpose 
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of maintaining an Experiment Station. In 1896 
the area was leased to the former superintendent 
on condition that he do some stipulated experi- 
mental work, and for three following years to J. H. 
Stone. A team of horses and some farm imple- 
ments are still owned by the Station. As there is 
no immediate prospect of opening the Station, it 
would seem advisable to sell or otherwise dispose 
of these. 

The total expenditure on this Station since 
its organization has been approximately $15,408.97, 
- with receipts of $1,968.77, a net cost of $13,440.20. 

The Divide Substation is located on the sum- 
mit of the high ridge between the Arkansas and 
the Platte rivers, east of Palmer Lake. 

In July, 1888, the State Board of Agriculture 
leased 640 acres of school lands in section 16, Tp. 
11, R 64 W, for $32 annually.. Two payments were 
made on the lease, but no other expenditures. In 
1890 a tract of 4o acres was provided by subscrip- 
tion of various citizens of Monument, and a deed 
given to the State Board of Agriculture conditional 
on its useas an Experiment Station. If abandoned 
for this purpose, before the expiration of ten years, 
it is to be coveyed to Perry M. Kean; as trustee. 
Such trustee shall cause the land and improve- 
ments to be appraised separately by three disin- 
terested persons, after which the lands and 
improvements are to be sold, the proceeds from 
improvements paid to the State Board of Agricul- 
ture, and the balance divided among the contrib- 
utors. Early in 1896, with the lack of expected ap- 
propriations from the state, the movable property 
was sold, and the premisesleased to W. A. Diebold, 
who still leases them at the same rate of 
$40 per annum. The buildings have been invent- 
oried for several years at $700. 

During the time of its existence, the expendi- 


tures on the Divide Station have amounted to 
$8,085.06. 


ae 
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Mr. Diebold reported for 1899: 

“Tbe crops, this year, are almost a failure. The crops consist 
of 12 acres of wheat, drilled in on fall plowing, yielding 46 bushels, 
all told. Fifteen acres of oats, plowed in, yielded 8744 bushels. The 
ground is in good condition for another year. The buildings need 
repairing and painting badly.” 


In closing, it may be added, that the field for 
the Experiment Station in Colorado is extensive 
as well as varied. In addition to nearly all the 
questions which meet the stations of the east, 
there are the special and extensive problems 
arising from agriculture by irrigation. While the 
results of investigations in other lines can be ap- 
plied in Colorado to a great extent, in this line the 
western stations must depend on _ themselves. 
With limited funds and limited time, it becomes a 
question to what extent it is wise for us to attempt 
to cover all the interesting questions which arise. 
The station has acquired a strong hold on the 
people of the state, and it is hoped that it will 
none the less deserve their respect and confidence 
an the future. 

Respectfully submitted, 
LG CARPENT EIS 
Drrector. 
Port Collins, Colorado, 
December 11, 1899. 
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INVENTORY. 
Office fixtures and equipment....----. 426-40 $ 347 75 
Stationery supplies..... SHEEN Le Ae nthe heise eee 52 295 
Bulletindilorary agers crete ete. ee eee ees 500 00 
$ 900 00 
Agricultural Section— 
Mairy .sUpplies! s-senae eke tis ee ee eee $ 380 00 
implements iandstoolettsces.ecy- cerns lee ere reer 75 00 
Office equipment and wmiscellaneous............ 435 00 


8 890 00 
Entomological Section— 


Mavoratony, Sup plicases meee ei ek arrose So Ss 
Hntomolovicalasupplics sere: emcee t eer erieneiess 75 65 
Tusecticides and insecticide apparatus.......... 80 95 
PALAU ocho ence Sates = nec isaac RIGO ET IEE 188 45 
Slatrony HoaleroscOpeme iCwa sameeren eerste 335 00 
Se alo Oe 
Horticultural Section— 
Glass warent,.Vney acraaan. aren tener eee er $ 6 74 
Photographie apparatus and supplies........... 94 35 
Tinetrume ater: seotciee Deer eee eer 43 00 
‘Dreaswndinurseryastocky. 1 wee ae een 322 40 
Miscellaneousus: ccc: acco nee Oe eke eaten 125 
3 467 74 
Meterological and Irrigation Engin- 
eering Section— 
Meteorological instruments.................... $ 540 19 
Hiydranliczpparaluseaery er Geen eee 181 75 
Stationery, books, maps, etc............+-...--- 163 42 
itrigation apparatus: 2.2.6. ann eee 134 03 
Insteumentscanace ie io eee G2 25 
Miscellaneous eeycn ones cette ae hae ee OA G) 
; 8 1,104 14 
Library— 
er Re er a hots oot Mears GES eis Sao ae soc $ 1,100 00 
Mota Maine Statio nee eee $ 5,176 88 
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Arkansas Valley Substation— 


Water richie and apparatug..<-ca<22e..a5.sta08 $1,846 00 
Meneme, gatesiand bridges... 6. 66s... ceees. oc een 357 80 
Buildings and improvements— 
BEIEO HAE Oe Avena oes meee MEN igs enter $900 00 
[Uo uo Ue ee a eae ic ARE epee 750 00 
mhedsiand out buildings... ..).2. 2.0.2.5... 160 00 
SSPE MV SCALORS. cae ics ooo Ceetac ed wes 60 00 
Weather instruments and shelter........ 15 00 


worve stock—4 horses;.8 HOSses-. ee. foie es Seeds 
naplements and tools tan. .2. sso: ada aod ae 3194 
MITSGCIAMOO UG mide. tempter aes ets ee ak 


Farm produce on hand— 


$1,885 00 


216 00 
459 60 
41 15 


BORUOME AGA E, LLY meas, ee aren cis ss he $285 00 
Sa OMSHOIS DULleyjnc.4 oc sarees eee nas 7s 33 00 
550 e ‘QO tv BRR Se uA ee gso DO ee 165 00 
320 de ELL legac eR occ ye reet 112 00 
175 $ VA sIS LE Fe BARC Be eee eee 105 00 
150 L Ne cee en ae a 90 00 
9 $5 IOC ae ee ac he econ omer 6 95 
COUR SUMAT DECOLSe eras eran. + <cts.as 45 00 
1000 pounds coffee beans................ 10 00 
2000 * COW ea CaS ete ea iota st rtre isersi ep 20 00 
2500 * DODAUOC Speen tens steht co sechexers.e 18 75 
COR cantaloupe seed............ 30 00 
IMTS cUbaMIGOUR. .<susekte aaaeteen Ae oes ote 10 00 


Substation at Cheyenne Wells-— 


$ 930 70 


$ 5,786 25 


ID rllvinves yn\o "| oe) do) Gants a ees ees ore $800 00 
SEND) THOSE, THETT(ONN aes a COTE 100 00 
3000 feet supply pipe (iron).............. 60 00 


Bree ONG ORME EOE) <2:ce cttiac oasis! natotne Seed ttass ators tn tele 
iW eveat, Vimpoead(S ohne ae BOO anaes ween OBemor 
JN ORWONNUIS) 9 5a5 be eSuoen Cometic Casods ootgoEmn olan 
Siinjayallicisietond oe ele Pomeseeaniay pinnae ose ena nema ctl 


$ 960 00 
50 00 
136 15 
104 05 
97 60 


$ 1,347 80 
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Substation at Monte Vista— 


Boildingss fencing peetCe nayaseracrntee streets $ 1,497 00 

One teamof *hoOrsesi4 2c Seracrae sie a ree 150 00 

IOEI GN ON MIM MME oma aooocdeseboonnao vocecone 82 15 

S 15729 15 
Substation at the Divide— 

LSA bDULC ald: RnR eT ARS ib. diene cate on DOD Olos © Dao dlox $ 729 00 
TotaliSubstations Propertyccreceecmertere eee $ 9,513 20 
Total Maines tationsProperty =... essere eee 5,176 88 

Total Experiment Station Property......... 314,690 08 


In addition, the Station has the use and control of other 
property, as Jong as used for experiment station purposes, as follows: 


160facres:at;Cheyenne Wellstaa--scm saeeen ears $ 200 00 
ANOENO ees EG Morb Nisgrs 6Soucceccacanccanteec 200 00 
60sacres ate ViontemV Ista ner eer 2,110 00 
Water right in Rio Grande Canal............... 300 00 


arkansas Valley Substation— 
40 acres garden and fruit land at $85...$3,400 00 
160 acres farm land at $40............. 6,400 00 


$9,800 00 


$ 12,610 00 
This has previously been counted as part of Experiment 


Station property. As the title is conditional only, it is thought 
proper to list it separately. 
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QUTLINES OF STATION WORK FOR 1899. 


The schedules of station work for the year were preeented, re- 
vised, and adopted. These schedules were adopted at a regular 
monthly meeting of the Executive Committee. The outlines of ex- 
perimental work for the different sections of the Home Station and 
the substations, located at Rocky Ford and Cheyenne Wells, are 
herewith given: 


AGRICULTURAL SECTION. 


Wheat— 


Tests of the effect of changing frouia higher to a lower alti- 
tude and froma lower toa higher; the same for latitude and for 
both combined. 

These tests are to be made in co-operation with the experi- 
ment stations of North Dakota, Minnesota, and Iowa, and with local 
observers in Colorado in the San Luis Valley and on both sides of 
the range. Duplicates of all tests to be made at Fort Collins. 

These tests are designed to show the effects on the milling 
qualities, the bread making qualities,and the value of grain for 
human food. 

Tests for improving wheat by eelection so as to increase the 
amount of gluten and decrease the proportion of bran. 

Tests to develop a variety of wheat that will ripen with a 
smaller amount of water than is now required. 


Oats— 


Tests of the effect of changes of altitude to be made at Fort 
Collins and in connection with volunteer observers in the mountains 


and on the Western Slope. 
Tests for the development of a variety of oats better suited for 


human food. 
Tests for the development of a variety of oats with a thinner 


husk. 
Barley— 

An endeavor to produce a variety that will ripen seed with 
fourteen inches annual rainfall. 
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Peas and Oats— 

An endeavor to learn why peas or peas and oats do not grow 
well in this vicinity. 
Corn— 

Third and last year of the three years’ test of seed from dif- 
ferent altitudes and latitudes. 
Nifalfa— 

Co-operative experiments with Turkestan alfalfa to tind out 
its adaptability as a crop for the Divide without irrigation. 
Brome Grass— 

Test of its feeding value per acre as a pasture for sheep. 
Dwarf Lssex Rape as a pasture for sheep. 
Sugar Beets for the production of seed. 

Co-operative experiments with twenty-three persons in the 
irrigated parts of Coloredo, 
Feeding Tests— 

Continuation of the present tests in feeding cows, sheep, and 
hogs. 
Creameries— 

Collections of statistics from all the creameries and cheese 
factories as the basis fora bulletin on the dairy industry of Colorado. 
Land Plaster— 


Second year of the experiments on alfalfa and grain crops, ex- 
tending the experiments to include pasture land. 


SECTION OF BOTANY AND HORTICULTURE. 


I, The study of the Flora of the state, special attention 
being given to: 
1: The weeds of the farm and garden. 
2. Grasses, native and introduced. 
Il. The further introduction to the garden of such wild 
fruits as can be obtained. 
Tit. Nursery test of orchard fruits with a view to the study 
of the adaptibility of varieties to this climate. 
(a) A study of the blooming periods of varieties of plums. 
(b) A study of the degree of self-sterility in ee 
IV. Tests of varieties of small fruits. 
V. Co-operative work with the Division of Forestry of the 
U.S. Department of Agriculture. 
It is also proposed to continue the work of last season with 
different methods of grafting, and with crossing. 
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CHEMICAL SECTION. 


I. Continuation of work on part II of Bulletin No. 46, “A 
Soil Study. 

II. A study of methods used in extracting beeswax from 
old combs. 

III. Study of Colorado grasses in cooperation with the 
Department of Botany. 

TV. A digestion experiment with sheep. Thisis intended to 
be supplemental to Bulletin No. 39. 

This work, already begun, will require more than a year for 
completion. 


ENTOMOLOGICAL SECTION. 


I. Collecting and rearing insects for the purpose of deter- 
mining their food habits and life histories. 

II. Continuation of experiments for the destruction of 
insect eggs. 

Ili. A continuation of the Orthopterological survey of 
the state. 

The object of the work taken up under this head is, not alone 
to collect and determine the Orthoptera (mainly grasshoppers and 
locusts) that occur in different localities of the state, but also to 
determine, as far as pdssible, their food habits, life histories, diseases, 
enemies and artificial remedies. 

TV. Experiments with the Codling Moth. 

(a) To determine the value of kerosene emulsion for the 
destruction of this insect. 

(b) To determine the number of broods and the times of 
their appearing in the different apple-growing 
regions of the state. 

(c) To determine the value of arsenical sprays for the 
destruction of the different broods, and the real 
saving due t) spraying. 

V. A study of the habits of the ‘ash borer” which in the 
past two or three years has become so destructive to ash shade 
trees in and about Denver. 

The main object of the study will be to determine the most 
effectual methods of suppressing the borer, 

VI. Experiments in the apiary. 

(a) A continuation of the work of collecting and making 
a list of the native forage plants of the state. 


(b) Experiments with comb foundation. 
(c) Testing new apiary appliances. 
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SECTION OF METEOROLOGY AND IRRIGATION 
ENGINEERING. 


I. Meteorology as before. 
II. Evaporation from water surface, extending to soils and 
vegetation to some extent. 
III. Soil moisture determinataions. 
IV. Soil temperatures. 
V. The irrigation questions of the state. 
(a) San Luis Valley. 
(b) Arkansas Valley. 
Vi. Seepage measurements. 
VII. Sediment determination of the Arkansas Valley. 
VIII. The effect of forests on retention of snow and water 
supply. 


ARKANSAS VALLEY SUBSTATION. 
Rocky Ford, Colorado. 


CEREALS, 


Wheat—A comparative test of varieties shown last fall. 
Rye—Four acres of Mammoth Spring rye. 

3. Larley—Three acres of Hulless Barley. 
4. (Corn—Two acres to be divided for a test of cultivation 
versus irrigation; afew varieties tested for productiveness and time 
of maturity. 


ie 


GRASSES AND CLOVERS. 

1. Bromus inermis—One and one-half acres sown last fall to. 
be used for pasture. 

2. Orchard Grass—One and one-half acres for pasture. 

3. Mustralian rye and Tall Meadow oats—A test plat of one- 
eighth acre each. : 

4. lfalfa—The sowing of last fall to be compared with 
spring sowing; smal! area sown in furrows to note the effect of 
sub-irrigation and cultivation. Test Turkestan alfalfa for growth 
and adaptability. 

5. Cow Pea—A test of a few varieties for date of ripening and 
yield; sown in a portion of the orchard to test it as a cover crop and 
fertilizer for orchards. 

6. Hairy Vetch—Additional plantings to those we have to test 
it for pasture, cover crop, and fertilizer. 

7. Soja Bean—One-eighth acre to secure seed for future use. 

8. Field Peas—-One acre under general farm conditions to 
show their value as a forage and grain crop. 

9. Coffee Pea—Same as above. 
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VEGETABLES. 


1. Cantaloupes— 

(a) Tests of different amounts of irrigation as affecting 
quality and production. 

(b) Alfalfa sod versus natural soil. 

(c) Three distances of planting to note yield and con- 
dition. 

(d) What effect injudicious seed selection has upon the: 
future crop. 

(e) Seed to be selected from perfect specimens and held 
for distribution to help maintain a high quality of 
product. 

(f) Notes upon, and work with, insects and fungi affect- 
ing this crop. 

2. Celery—Small area devoted to this crop to note the gen- 
eral requirements. 

3. Potatoes—About one-half acre to be planted to one variet¥ 
to note the following: 

(a) Comparison of different dates of planting. 

(b) Irrigation experiments. 

(c) Sod land versus cultivated soil. : 

(d) Small area planted with Mammoth Pearl variety 
for seed. 

4, Sugar Beets—One acre to be grown by field culture and a 
record kept of the cost; such information for the benefit of those 
wishing to grow them for feeding or factory purpose. 

Zeans—Planting and spraying trials to control the blight. 


ORCHARDS AND FRUITS. 


1. Old Orchard— 
(a) Notes on blooming, fruiting, etc. 
(b) Spraying and band experiments with the codling 
moth in connection with the Entomological Section 
(c) Observations with the blight and experiments con - 
nected with the pruning of trees affected by it. 
2, New Orchard— 
(a) Vacancies to be filled with new and untried varieties 
of fruit and nut trees. 
(b) Establishment of a test plat of nut trees to be grown 
from seed, 
3. Small Fruits—Securing strawberry plants to fill vacant 
places caused by the hail. 
4. Variety tests of blackberries and raspberries. 
5. Grapes—Establishing a test of of foreign kinds. 
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ENTOMOLOGY. 
Observations upon injurious insects; spraymg and other 
remedies for their control. 
MBTEOROLOGY. 
Continuation of present records. 
FERTILIZERS. 
1. Gypsum to be used upon about one acre of “black alkali” 
-soil to note its value in reclaiming the same. Note its effect upon 
crops grown where it was spread the previous year. 
2. Ground bone and wood ashes to be used upon a few apple 
trees of bearing age to note the effect upon health, and productiveness. 
The remainder of the station land to be devoted to such crops 
as will be of most feeding and commercia! value. 


RAINBELT SUBSTATION. 
Cheyenne Wells, Colo. 


a. 


I. Fall grain already sown— 

1. Wheat, 2 acres, 

2. Winter oats, 2 acres, 

3. Winter rye, 1 acres. 5 acres. 
If. Campbell Test— 

1. Corn, 5 acres, 

Barley, 2 acres, 

3. Sorghum, 3 acres, 

4, Truck patch, 4 acre, 

5. Sweet corn, 4 acre, 

6. Potatoes, 1 acre. 12 acres. 
III, Alfaifa— 

1. Already growing, 1 acre, 

2. To be sown, 5 acres. 51 acres, 
IV. Grasses and Clovers— 

1. Bromus inermis, growing, 2 acres, 

2. Bromus inermis, to be sown, 114 acres, 

3. Other grasses and clovers, 1% acre. 4 acres. 
V. Seeds of several forest trees, 
VI. Extend test of fruits to include currants, blackberries, 
dewberries, strawberries, Russian cherries, peaches, apricots, etc. 

VII. Plant 3,000 seedling trees—apple and forest— in nursery 
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for use later in making shelter belts and orchard in plat through 
which the ravine runs. 

VIII. All cultivated land not used otherwise to be planied to 
millet, barley and sorghum for forage. Accounts to be kept to 
determine cost of producing fodder or hay. 

1X. Test improving pasture. 

1. By furrows drawn across slopes. 
2. By running disc harrow across slopes. 


(To hold water where it falls. 
X. Improve ponds in ravine by dams. 


XI. Investigate, by correspondence and travel, the results of 
the efforts of settlers to raise crops and grow trees. 

XII. Further use of gypsum on different crops; test of 
Russian forage plants in co-operation with the U.S. Department of 
Agriculture. 

Ime 


I. Continue soii investigations of former years: 
j. Evaporation from soil surface. 
2. HKvaporation from soil surface, using soil mulch of 
different depths to retain moisture, 
II. Evaporation froin water surface, a continuation of the 
work of 1898. 
fi. Test amount of water used by growing crop of wheat 
already planted. 
IV. Test amount of water used by growing crops of corn. 
V. Continue meteorological observations. 
VI. Autumn work— 
1, Wheat, 2 xcres, 
2, Oats, 2 acres, 
3. Barley, 2 acres, 
4+. Rye, 1 acre. 7 acres, 
(To be sown late in summer for a soil cover.) 
VII. Co-operation with U. S. Department of Forestry in, 
plauting a few acres of forest trees on the station land. 
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REPORT OF THE AGRICULTURAL SECTION. 


To the Executive Committee of the State Board of Agri- 
culture. 

GENLTEMEN—I have the honor to submit here- 
with the report of the Agricultural Section for the 
past year. 

The experimental work of this section has been 
conducted along three general lines, z. e., the .rais- 
ing of crops experimentally on the college farm; 
the feeding of stock and the conducting of co-oper- 
ative experiments with farmers throughout the 
State. During the past season the third and final 
year’s work was completed on the subject of the 
effect of altitude and latitude on the growth of 
corn to be used for seed, in Colorado, and the re- 
sults are now ready to be written up for publication. 

We have also completed three years work on 
making ensilage from corn and feeding it to cattle 
and sheep. This finishes the work that had been 
contemplated in that line, and we plan to begin, in 
1900, a series of tests on alfalfa ensilage. In gen- 
eral it may be said that our work shows that corn 
ensilage cannot profitably be used under present 
Colorado conditions, as a food for either cattle or 
sheep that are being fattened out doors during cold 
weather. Our tests with dairy cows gave no con- 
clusive results either way, but are not favorable to 
ensilage. 

‘The number of calls that have come for the 
bulletin issued last spring on ihe raising of early 
lambs. shows that many farmers are contemplating 
this method for disposing of their alfalfa. “Yo con- 
tinue these tests along slightly different lines, forty 
ewes have recently been purchased, and they and 
their lambs will be fed for next summer's market. 

During the past season two series of co-opera- 
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tive experiments were carried on in Colorado. The 
first was to determine the best time and the proper 
distance apart to plant sugar beets. The results of 
these tests are not yet all on hand. This Section 
has devoted a great deal of time the past three 
years to the sugar beet question, and the interest 
in the matter throughout the state is greater now 
than ever before. At the present time there is no 
work that can be done by the Section that 
will be of greater good, or will bring more immedi- 
ate results, than investigations along this line. The 
field is unlimited, and the more it is investigated 
the plainer becomes the fact that the problem in 
Colorado is radically different from that in any 
other portion of the world where sugar beets are 
grown. The problems will have to be worked out 
independently for the Colorado farmers. At the 
same time, what has been accomplished so far is 
very gratifying, and the outlook for the industry 
in Colorado was never brighter. 

The first of a five-years’ test of a new variety 
of alfalfa has been conducted, and all that can be 
said at the present time is, that the test was gotten 
fairly under way. 

The larger part of the energies of this Section 
has been devoted the past season to the beginning 
of a series of tests of the influence of latitude, and 
especially latitude and altitude combined, on the 
growth of cereals, especially wheat and oats, and 
on their value as stock food and as human food. 
The results of the first year’s work are quite grati- 
fying, but though an enormous amount of work 
was put on the questién, and much yet remains to 
be done in working up the results of the 1899 crop, 
yet the most we can claim is, that a fair start has 
been made. These tests were made at the college 
farm, and five other farms in Colorado, and with 
the co-operation of four other experiment stations 
andthe Department of Agriculture, at Washington. 

Three more cows have just been purchased, to 
be used in connection with those on hand in tests 
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of the feeding value of sugar beets and mangels, 
and it is expected that we will be able to conduct 
some tests on the feeding of beet pulp, which is 
destined in the very near future to play an import- 
ant part in the stock feeding of Colorado. 
Respectfully submitted, 
We W.c COOKE 
Agriculturtst.. 
Fort Collins, Colorado, 
December 1, 1899. 


REPORT OF THE SECTION OF BOTANY AND 
HORTICULTURE. 
To the Executive Committee of the State Board of Agri- 
culture. 

GENTLEMEN—I have the honor to submit the 
following report on the work of the Section of 
Botany and Horticulture. 

The horticultural work of the Section has been 
mainly the continuation of the systematic test of 
varieties of fruits which was commenced in 1894. 

The plum orchard, which, in 1898, contained 
152 varieties, was reported onin Bulletin No. 50, 
‘Notes on Plum Culture,” which was issued early 
last spring. The lines of study there recorded have 
been followed this season, and records are on file 
giving blooming periods of varieties, the results of 
studies in self-sterility, and further observations 
upon the characteristics of varieties. 

The continuous and unprecedented low tem- 
peratures of the winter of 1898-99 did much damage 
to the plum orchard and was a severe test for even 
the hardiest varieties. Thirty varieties were en- 
tirely killed. These were destributed in the follow- 
ing groups: Chicasaw, 5; Beach Plum, 1; Wild 
Goose, 6; Domestica, 6; Japanese, 7; Americana, 4; 
and hybrids, 1. Eighty varieties are recorded as. 
having been very seriously injured, these are dis- 
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tributed through all groups, and the individual in- 
jury varies between killing to the ground and the 
loss of the greater portion of the top. The ten 
Japanese varieties not killed outright were dead to 
the ground. The balance of the varieties repre- 
sented are recorded as uninjured or killed back 
only at the tips of the branches. These with the 
exception of a few of the Miner group, belong to 
the native Americana group. 

It cannot be said that any variety escaped in- 
jury; even the hardiest that were uninjured in 
branch or twig were very tardy in opening the 
leaf bud, and the flower buds were nearly all 
killed. Individual trees of 44 varieties produced 
some bloom. Of these 37 were Americana varie- 
ties, five belong to the Miner group, two were un- 
classified hybrids, and one was Prunus Besseyt. 
On all the flowers were thinly scattered, some- 
times not more than a dozen on atree. They 
were small in size, very tardy in expanding, and 
but few formed fruit. This evident lack of vitality 
in the flowers, and their small numbers, rendered 
the work on flower periods and sterility unsatis- 
factory. The conditions being abnormal, the re- 
sults obtained cannot be used as a basis for con- 
clusions, but will be preserved for comparison 
with other years. 

To, in part, replace the trees killed, 74 trees, 
representing 40 varieties, were planted last spring. 
Seven of these varieties had not been previously 
represented in the collection. As the orchard 
now stands, it contains 507 trees, representing 137 
varieties. Most of the living trees made a fair 
growth during the season and have formed buds 
that promise a handsome abundant bloom next 
spring. 

The young apple orchard suffered even greater 
loss than did the plum orchard. As reported a 
year ago, the trees were not in thrifty condition, 
having suffered from lack of water, and it was not 
surprising that so many were killed. The number 
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killed outright was 150, and many others were 
severely injured. From a count just made it ap- 
pears that there are left about 300 trees that are 
of sufficient promise to warrant transplanting and 
further care, as directed by your committee when 
the orchard was-inspected in June. It is hoped 
that arrangements can be made to locate the or- 
chard on land where water for irrigation is avail- 
able: 

The co-operative experiment with the Division 
of the United States Department of Agriculture, 
to test the relative hardiness of forest-tree seed- 
lings as grown from seeds produced in different 
sections of the country, has apparently been aban- 
doned, as no word regarding it has been received 
this season. The seedlings grown in 1897, and 
those of 18098, which together represent seven 
species from 23 states and Canada, have. been 
transplanted and cultivated through this season. 
Records have been kept of vigor of growth and 
hardiness, and the tabulations show some interest- 
ing results, pointing to the correctness of the be- 
lief that northern grown seeds produce the hardiest 
seedlings. While not regarded as conclusive, the 
test is sufficiently instructive to warrant prepara- 
tion of the data for publication. 

The abandonment by the Forestry Division of 
the Department of Agriculture, of the forest plant- 
ation commenced in 1896, renders it necessary 
that some action should be taken regarding the 
disposition of the land set apart for this purpose. 
No work has been done upon the plats since July, 
1898, and upon a portion of the area weeds have 
become abundant. There are four plats of one acre 
each, on which are growing several thousand trees. 
The pines and spruces have nearly all died, but 
deciduous species have, in general, lived and made 
some growth. Of living trees, the aspen is most 
numerous, but there are many locust, soft maple, 
black cherry and boxelder, with a few of elm, mul- 
berry, birch and ash. On one plat are nearly 4,000 
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plants of Southernwood (Artemzsza abrotanum ), 
of spreading, shrubby growth, about four feet high, 
and among these are a few aspen, elm and silver 
maple. This species was planted as a nurse plant 
for conifers; it covers the ground completely and 
serves well the purpose of protecting other plants, 
but it is of no other use as it kills to the ground 
each winter. Ifthe land is not needed for other 
purposes, I believe the plantation should be main- 
tained. Possibly some additions could be made 
until we have a compact growth of trees, which 
will serve as a source of supply for planting on 
other portions of the farm, and as an illustration 
of the behavior of different species when grown 
under forest conditions. To bring the plants into 
good condition will require some expenditure of 
labor, but I beiieve the plantation would soon take 
care of itself, and in time give valuable returns for 
the investment. 

The work onthe flora of the state has advanced 
but little during the season. Neither time nor 
means were available for prosecuting the work of 
collecting. One brief trip to the Western Slope, 
which allowed but one day for collecting, was 
made in May. In late July and extending into 
August, a trip of three weeks, during vacation, was 
made into the North Park region for the special 
purpose of studying grasses and the methods of 
irrigating meadows. Large collections of grasses 
and many additions to the general flora were 
secured, although the work was seriously hampered 
by the frequent rains. It would be very desirable 
that similar expeditions be made in South Park 
and the San Luis valley, so that the forage prob- 
lems of these high park regions could be compared 
and treated in one publication. The grass prob- 
lem of the plains region is so different in character 
that it could best be treated separately. It is no 
less important and should receive attention. 

Late in October a short trip into the moun- 
tains west of Fort Collins,'was made for the pur- 
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pose of collecting seeds, particularly of the pines 
and spruces. 

About 1,800 specimens of plants for the herb- 
arium have been received in exchange during the 
year. They are as yet unmounted, but it is hoped 
that they may be mounted and arranged for use 
during the winter. The number of exchanges 
could be greatly increased if we had the assistance 
necessary in preparing the plants for sending out. 
Several offers of exchange have been declined be- 
cause no time was available for the work involved. 

Last year I reported upon several fungus dis- 
eases sent in from various parts of the state. This 
year the number received has been greater, and it 
is becoming more and more evident that this mat- 
ter of the diseases of plants must become an im- 
portant feature ofthe work of the section. The 
cantaloupe disease, at Rocky Ford, did great 
damage to the crop this season, and is worthy of 
persistent attention by the Station. In September 
I visited this section and, in company with Mr. 
Griffin, went over many diseased fields. That the 
crop was shortened, and in many cases entirely 
ruined by the disease was apparent. Early in the 
season Mr. Griffin made applications of Bor- 
deaux mixture in several places to small areas. 
The results have been encouraging, and next sea- 
son a thorough demonstration of the beneficial 
effects of the treatment should be made. This 
work is important to the cantaloupe industry, and 
I believe would reflect credit upon the Station. 

Respectfully submitted, 
Cr seCR AND ici 
Botanest and Horticulturtst. 
Fort Collins, Colorado, 
December 1, 1899. 
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REPORT OF THE ENTOMOLOGICAL SECTION. 


To the Executive Committee of the State Board of Agsri- 
culture: 


GENTLMEN—I have the honor to submit the 
following report upon the work of the . Ento- 
mological Section of the Experiment Station 
for the year just closing: 


CODLING MOTH. 


Experiments with the codling moth have been 
continued, particularly for the purpose of deter- 
mining the number of broods of this insect in 
Colorado. A series of experiments were carried 
out at the Home Station. and similar ones at 
Rocky Ford, by Mr. Griffin, and by others at 
Canon City and Grand Junction. Reports have 
not yet been received from the last named place, 
but data gathered by Mr. Griffin, at Rocky Ford, 
Doctor Peare, of Canon City, and from our experi- 
ments here prove very conclusively that this insect 
is wholly two-brooded, with no indication of athird 
brood in these localities. The experiments give 
further proof, also, of the importance of the band- 
age system of fighting this insect. 

Kerosene emulsion has also been tried as a 
remedy this year, but the results do not warrant 
recommending its use. Prompt and thorough use 
of arsenical sprays still remains our most reliable 
remedy. 

ORTHOPTEROLOGICAL SURVEY. 


Good progress has been made in the study of 
the grasshoppers of the state. Several species, 
not known to occur here before, have been taken, 
and among these are a few species that are as yet 


unknown to science. 
It was thought by many that the unusually 
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cold winter of 1898-99 would greatly lessen the 
number of grasshoppers for a few years, but such 
does not seem to have been the case. 

A reported visitation of the Rocky Mountain 
locust, on the eastern border of the state early in 
July, was the occasion of a trip, by Mr. E. D. Ball, 
over the line of the Burlington railroad as far as 
Stratton, Nebraska, where it was reported that the 
locusts were in greatest numbers. Mr. Ball found 
the injuries to be due almost entirely to two com- 
mon species that are present every year, namely, 
the two-lined locust (Melanoplus brvittatus) and 
the differential locust (J/elanoplus differentzalts) . 
No specimens of the Rocky Mountain locust were 
found, and, in fact, for a considerable number of 
years, this destructive insect has not been recorded 
with certainty, from the state; and we believe it is 
fairly safe to predict that the terrible periods of 
devastation of this insect within our borders is 
a thing of the past. In all our collecting 
of insects over the state for the past nine years, 
not a specimen of the Rocky Mountain locust has 
been seen. 

A trip through the San Luis valley was made 
by myself in the month of August for the purpose 
of studying grasshopper conditions, and I am glad 
to state that in no place were grasshoppers found 
to be doing perceptible injury to cultivated crops, 
though native species were abundant over much of 
the wild pasture land. 

During a trip to the western portion of the 
state, with stops at Salida, Gunnison, Delta and 
Grand Junction, grasshoppers were found rela- 
tively scarce at the two former places, while in 
many places about Delta and Grand Junction they 
were doing serious harm to cultivated crops, and 
especially alfalfa and orchard trees. In these lo- 
calities, also, the two-lined locust and the differ- 
ential locust were the chief depredators. 

Mr. E.S. G. Titus made a trip into the south- 
ern portion’ of ‘the state; and @Mr@ 2s Drballra 
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somewhat extended one into the foothills and 
plains of the northern portion, gathering infor- 
mation which we hope to incorporate into a bulletin 
at some later date. 


THE BEET ARMY-WorRM (Laphygma flavimaculata). * 


This insect, which is a close relative of the 
“ Army-worm,” and particularly of the “ Fall Army- 
worm, has been known for many years to occur in 
small numbers in various parts of the country, but 
has never been known as a destructive insect until 
the past summer, when it appeared in many locali- 
ties in injurious numbers. The most remarkable 
outbreak that has come to our notice was about 
Grand Junction, Delta and Montrose, during the 
month of August. The sugar beet was chiefly 
attacked, though the caterpillars showed them- 
selves to be capable of living upon almost any 
green thing that could furnish them succulent 
vegetation for food. It was estimated that two or 
three hundred acres of the beets were completely 
ruined. When the leaves did not furnish sufficient 
food, the caterpillars did not hesitate to eat off the 
crown of the plant and devour the root also. Ex- 
periments tried in the field demonstated that the 
ordinarv arsenical mixtures will destroy the worms 
if properly distributed upon the leaves. 

Two trips were made to Grand Junction to 
study this insect, where I was shown every courtesy 
and greatly assisted in the work by the officers 
and managers of The Colorado Sugar Manufact- 
uring company. 

Advice was given to many individual growers, 
and to the Sugar company, as to remedies, and a 
press bulletin was written and mailed to all who 
were growing sugar beets in the localities above 
mentioned. The insect matured in enormous 
numbers, and is passing the winter as a moth. 
There is every reason to expect a recurrence of 


* Determined by Dr. J. B. Smith, New Brunswick, N. J. 
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of the caterpillars next summer, at about the time 
for the thinning the beets, when growers will do 
well to keep avery close watch and be prompt in the 
application of arsenical poisons for the destruction 
of the first brood of caterpillars. 

Mr. Griffin, of the Rocky Ford Station, also 
sent me a few caterpiliars of this insect from beets 
grown on the Station grounds at that place. 


THE ASH BORER (Podosesta syring@). 


This lepidopterous borer seems to be rapidly 
increasing in and about the city of Denver. It has 
killed many trees outright, and others are weak- 
ened and disfigured. A stump eighteen inches in 
length, from the grounds of Mr. E. Milleson, 
Horticultural Inspector for Arapahoe county, is in 
my office, from which over twenty moths hatched 
last summer. 

INSECTICIDES. 


Several arsenical mixtures have been tested 
the past summer to determine their effects upon 
foliage and upon insects. I will say, in brief, that 
of three proprietary compounds, viz: ‘green ar- 
senoid,’ “ pink arsenoid,’ and ‘“ white arsenoid,”’ 
that we found the two former very promising and 
of easy application, while the last was too injurious 
to foliage to allow of its use. Arsenate of lead 
was also used and found to do no harm to the most 
tender foliage, in ordinary strengths, while it re- 
mained long upon the leaves and was destructive 
to the insects that ate it. 


APIARY EXPERIMENTS. 


The apiary experiments have been chiefly for 
the purpose of determining the best form of found- 
ation to use for comb honey, and the best methods 
of using the foundation in the section. The ex- 
periments this year have proven, beyond a doubt, 
that bees do thin thick foundation and use the 
material thus obtained in building out comb cells. 
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It is expected to incorporate the results of these 
experiments in a bulletin at no distant date. 

This Section is much in need of better accom- 
modations for experimental and _ breeding-cage 
work. Such rooms as are needed could be built 
on to the present apiary building, at small cost, 
and would be of much service to the Entomologi- 


cal section. Respectfully submitted, 
teed mca Clb) eB Es BaD 
Entomologist. 


REPORT OF THE CHEMICAL SECTION. 


To the Executive Committee of the State Board of Asri- 
culture. 


GENTLEMEN—I have the honor to report that 
no changes have been made in the lines of investi- 
gation of the Department. The study which we 
have been making on the plot of ground west of 
the Town ditch south of the land running west 
from the College barn, has been continued during 
the past season. We have made no change in the 
plan pursued in former seasons. We have even 
continued the same crop. Part I. of this study has 
already been published, and the material for Part 
II. is nearing completion. This work has already 
passed far beyond the limits originally set for it. 

The work in conjunction with the Botanical 
Department, on the grasses of the state, has 
scarcely passed beyond the preparatory stage, and 
cannot be taken up immediately. ; 

The work on the methods of extracting bees- 
wax, which is co-operative work in conjunction 
with the Department of Entomology, is well under 
way, but, like all work of this kind, will probably 
take a much longer time to complete than we even 
now expect. é 

We hope to finish the series of experiments 
on digestion of corn fodder, timothy hay, native 
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hay and alfalfa, with sheep, begun over a year ago, 
within the next few months. 

This is the present state of the work in hand. 

It is dueto my assistants in particular, that | 
should state that the volume of work accomplished 
has been very considerable, and its quality excel- 
lent. I do not know of any misunderstanding, 
spirit of caviling, or any unpleasantness whatever 
existing among my assistants, either in their rela- 
tions toward one another or toward myself. 

I have no recommendations to offer at this 
time and no request to make. 

Respectfully submitted, 
W. P. HEADDEN., 
Fort Collins, Colorado, 
December 11, 1899. 


REPORT OF THE METEOROLOGIST AND IRRI- 
GATION ENGINEER. 


During the past year the character of the in- 
vestigations in progress is indicated by the outline 
of work, which has been essentially the same for 
a number of years. 


‘SEEPAGE GAINS AND LOSSES. 


The measurements to determine the gains or 
losses from seepage have been continued this year 
on streams previously measured. These include 
the Cache a la Poudre, from the canon to its 
mouth, a distance of 50 miles; the Big Thompson, 
about the same distance; the Little Thompson, a 
tributary of the Big Thompson; the St. Vrain from 
Lyons to the Platte, and its tributary, Left Hand 
Creek; the Rio Grande, from above Del Norte to 
the state line, a distance of about 100 miles; the 
Arkansas, from Canon City to the Kansas state 
line, a distance of 200 miles; nearly 500 miles 
of river measurement in all for this particular pur- 


AGRICULTURAL EXPERIMENT STATION. 43 


pose. Each of these streams requires driving the 
the full length, visiting every headgate, and the 
measurement of every ditch and every tributary. 
Altogether it has required several thousand miles 
of driving for this particular purpose. The gen- 
eral results of previous measurements are con- 
firmed. A tendency to increase in the amount of 
water returning to the river is noticeable, espec- 
ially on those streams where the return waters 
have some distance to pass to reach the stream. 
The Rio Grande is an exception, in that a marked 
loss is. noticeable at the rim of the valley. There 
is then a gain, but not enough to balance the loss. 


CACHE A LA POUDRE. 


The fourteenth measurement of the Poudre, 
from the canon to the mouth, was made Septem- 
ber 26th to 29th. The distance is about forty miles 
by the axis of the river, and much more by the 
sinuosities. The measurements prior to 1896 are 
given in detail in Bulletin No. 33. The following 
is a Summary of the last four: 


1896 1897 1898 1899 
Nov. Oct. Aug. Sept. 


Weir to water works........... — 2.92 + 1.39 + 7.76 — 0.85 
Water works to L.& W........ eas +16.61 + 9.16 +16.14 
L. & W. to No. 2 Supply....... — 5.68 — 3.96 + 3.37 -+-10.13 
Supply to Strauss bridge....... —22.87 — 2.90 +14.84 — 1.12 
Strauss-to No.2 canal.;...<.-.. +16.41 +10.42 + 1.28 + 8.62 
NOT OnoALOM GILG ...n.. saci: +10.42 +13.36 + 8.34 -+ 3.05 
Haton to No. 3) canal...........- + 5.77 +85.72 +15.44 +13.74 
No. 3 to mill power canal....... +16.64 2 +21.16 -+21.86. 
Mill power canal to Camp ditch. +25.52 +26.57 +25.98 -+30.93 
Camp ditch to mouth.......... +921.98 -+23.58 +33.37 -+381.62 


———s 


135.18 133.59 
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TOTAL GAINS ON THE CACHE A LA POUDRE—CANON TO MOUTH, 


Year. Date. Total in sec. feet. 
1885....Oct. 12-15... 86:9 
1889....Oct. 14-17.... 98.96 
1890....Oct. 16-18....100.8 
1891....Oct. 29-30.... 84.6 
1892....Mar. 10-12.... 96.1 plus from Ogilvy to mouth, about 30 ft. 
Oct.) 5-8) .2- LOL Go 
USB 4o owes - Qalilncss Blk. 7! 
1894....Mar. 18-15.... 82.3 
Aug. 20-28....118.2 
1895....Oct. 9-14....164.4 
1896....Nov. 11-14.... 88.3 plus from New Mercer to L. & W. dam, 
1897....Oct. 7-14....142.69 plus from No. 3 to Greeley pump 
1898....Aug. 9-12....135.18 house, probably 30 feet. 
1899....Sept. 27-30... .133.59 


When brought to a uniform method of treat- 
ment these will be subject to slight changes. No 
allowance is made in the above for temperature. 

Measurements in October, 1892, and in 18096 
are affected by a periodical exchange of water be- 
tween the Larimer & Weld canal and a mill at 
Fort Collins. The effect of this would extend to 
the Cache ya la: Poudre: ‘canal Not 2. “Intrecent 
years there have been numerous seepage ditches 
constructed, and an increasing amount is inter- 
cepted by these ditches and by storage reservoirs. 

The quantities given are those reaching the 
river; hence an allowance is to be made for the 
amount thus intercepted before an estimate strictly 
comparable with the earlier years can be made. 


ON THE “Si.) VRAIN: 


The St. Vrain creek rises in the high mass of 
mountains from Long’s peak southward to the 
head waters of Boulder creek, and waters one of 
the most fertile of the tributary valleys ot the 
Platte. 

The following gains were found in the meas- 
urement made October 26-28, 1898, and in Novem- 
ber, 1899, by Mr. Trimble, with the aid of Mr. L. 
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H. Dickson, of Longmont, Water Commissioner 
of District No. 5. 


Thistance. Gain—sec. feet. 


Miles. 1898 1899 

From Lyons to the Oligarchy ditch.......... ou 2.62 4.69 
From the Oligarchy to the Niwot ditch...... 2a 3.24 6.14 
From the Niwot to Boulder-Weld county line. 6.7 1539 12.21 
County line to Boulder creek................ 2.2 5.34 21.60 
Boulder creek to Fleming place............. 5.8 4.21 —.44 
Fleming place to Platte river................ vine) 2.98 —2.44. 
PROTA erm maou rece eas Meee 28.0 25,79 41.76 

LEFT HAND CREEK. 

Gain 

hanaiich toy ollanga Gites cee. cece eto setts ose coe 1.01 
Hollandiditch: tonWallzamson, &— W ayiscex..0scas 0.0 cssseie dose 0.28: 
Williamson & Way to Burch school...............0.0e0- aetcoente 0.44 
Buren Cehool Const mVaenily CLOOlK er. sc ore ote cis eisic tiese carson Meteor 4.01 
SOG all ye ce teteete teeta tia corroats sreewiee ac aps ceBoone o alae ee 5.74 
From both St. Vrain and Left Hand.............. 47.50 


The amount of land irrigated in Water Dis- 
trict No. 5, which includes the St. Vrain and Left 
Hand creeks, is 89,000 acres, according to the re- 
port of Water Commissioner Dickson. This does 
not include the amount entering Boulder creek 
which is also a tributary of the St. Vrain. 


THE BIG AND LITTLE THOMPSON. 


The Big Thompson heads in the high moun- 
tains surrounding Estes Park. The highest is 
Long’s peak, rising to 14,260 above sea level. An 
unusual proportion of the watershed has a north- 
ern aspect, so that the stream maintains its flow 
well. The head waters of the Little Thompson 
are but five miles east of Long’s peak, from which 
they are separated by a transverse valley. 
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Distance. Gains. 
Miles. 1897 1898 1899 
Nov. 5-8 Nov. 2-3 Noy. 16-17 
Handy t» Home Supply canal..... 1.0 O20" Veco eee ee 
Home Supply to Barnes ditch..... Byt! 15.78 8.13 8.88 
Larnes ditch to Loveland& Greeley 3.1 4.62 3.52 0.86 
’ Loveland & Greeley to Big Thomp- 
BOM Gitche me. soba 10.05 12.38 13.31 1.38 
Big Thompson ditch to Hill and 
Brushton cor. sna neers 5.3 4.52 6.62 10.85 
Hill & Brush to the Big Thompson : 
and Platters. ke caccmierear 10.6 12.42 DEO 5.74 
Big Thompson and Platte to the 
Evans town ditch........... NEO 14.36 11.59 9.67 
MO Gales esi neaia ae eae 64.08 52.74 47.00 38.70 


ON THE LITTLE THOMPSON. 


Distance Gains. 
Miles. Nov. 13 Nov. 4 Nov. 17 
From Hagle ditch to Dry creek....- 3 1.35 3.16 2.46 
Dry creek to Rockwell ditch........ 2 Qa 1.52 2.16 
Rockwell to Miner ditch........... 3 2.43 Ieee? 62, 
Minerditch tormoutht eer hee eee 6 4.08 2.89 6.89 
‘otal Wk... sop ase eee 14 10.63 8°89 13.15 


Total Big and Little Thompson 74.71 61.63 51.85 


The amount of land irrigated from this stream 
1S approximately 65,000 acres. An _ increasing 
amount of seepage is being intercepted by ditches 
and reservoirs. 


THE RIO GRANDE. 


The fourth measurement has been made on 
the Rio Grande, from the canon above Del Norte 
to a point near the New Mexico line. ‘lhe eleva- 
tion ranges from about 8,000 to about 7,000 feet 
above sea level. For this portion of its course the 
river passes through the San Luis Valley, an an- 
cient lake bed surrounded on all sides by high 
mountains. Many streams enter the valley from 
the surrounding rim; but with few exceptions all 
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sink. It is found that the Rio Grande itself shows 
a large loss as it crosses the rim, and while it gains 
during the rest of its course in the valley, it is not 
ae to make up for the loss inthe first three 
miles. 


1896. 1897. 1898. 1899. 
From canon to Del Norte...... —51.69 —61.96 
praimeeanial,scce see — 101 035 12.09) a ieSdaume ans 
lop Mion tevistanc.<sahcs.0 + 54.52 +.6.61 + 6.26 + 2.46 
Sar Puis Chrale lees 6. sar — 5.68 +27.25 8.82 16.938 
Hickory Jackeon....... r...+ 27.14 +42.10 18.10 36.10 
PVN OBE fererccn oe ek <a Sateen + 4.85 7.45 + 2.78 —13.7 
AibovesConejog:. 23. ss ccs: + 16.70 ae + 1.57 — 2.64 
Below op Reta RE RA — seal 4,20 .. — 0.06 
DAP SU CBS a ere pie re ean + 6.27 + 6.93 + 0.92 + 0.88 
Dos ov sh Coy SX aegcees ity nee cere age Ie? a a ee 
INeara state esas. ask — 3.58 
Rotella) ccc nieren ee rises — 8.42 —13.24 —15.59 


In 1897 the section between Alamosa and Cone- 
jos river is vitiated by the omission of Trinchera 
Creek, a small stream ordinarily dry. This was 
reported on reliable evidence and not visited, but 
our comparisons afterwards make it probable that 
it was subject to a flood at the time. This stream 
was not measured in 1896, but was measured in 
1898 and 1899. 


THE ARKANSAS RIVER. 


The third measurement was made on _ the 
Arkansas river from the canon above Canon City 
to the Kansas state line. The measurement was 
made from October 20th to November 3d. Asthe 
season was late, the measurement was begun at 
the Bessemer ditch, above Pueblo, and carried to 
the state line. 

The following summary shows the seepage 
gains and losses that were found in 1897, 1898 and 
1899, the measurements being given in cubic feet 
per second. The drainage area above Canon City 
is about 4,600 square miles: 
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Area of 
Tribut’y 1897 1898 1899 
Water- 
Place. ‘Dist. shed— Gain. Loss. Gain. Loss, Guin. Loss 
Miles. square 
Miles. 
Canon Cy to Bes- 
semer ditch. .33 148i) 53%407 eee 13 a WSO Ame 
Bessemer to 
Pucblome ccc. 10 se ohsnae AD M18 Mec iets OCT eerie 30.25 
Pueblo to Or- 
chard Grove.. 8 LOU DAO MOT 4 Le ee eee ete 30.31 
Orchard Grove 
to Boones... . 16 1335e103 47 eee VAD tee neice SAm OTS 7.55. 
Boone to Ne- 
POStA) sca os 10 D235 RAOVA a err erilersis 17.65: 33 (45) pee at. 
Nepesta to Otero 
Canalepeeesc-nr See anor es Ded Ster nies 1d O00 S152 24 reste 
Otero canal Ap- 
ishapa creek.. 7 Sih IIS SO0! .oc8 18/15 0s co ieacleteters 6.43 
Apishapa creek 
to Rocky Ford.164% 1667 30.55 ..... = lea, eee 32 413) saeertee 
Rocky Ford to Ft 
Lyon canal... 9 (2) BDaa8) coca SOU meets D252 0a ta 
Ft. Lyon canal to 
iariuntaness. cto LESBOS ban8 S220 ere One eartec 
lua Junta to 
Jones ditch.. .11 inlay AO)sem) Sdoks Ue eee aves Tecan 4.96 
Jones ditch to 
Las Animas.. 9 IGE: PS eSal abe PADS aac BRB SSA es 
Las Animas to 
Old Ft. Lyon. 6 Soh Stemi ee so snc IBROGY SScoc Ged Om ees 
Old Ft. Lyoa to 
Waddonwrrss- 11 GGJIPS. 634 popes OG eS Ree ere 
Caddoa to Amity 
Canales eee: GADD hho close rsenete emotes (SOF DM «coment 24.09 
Amity to Lamar.11 DAO aires re ctens C208 Faeear TSs ly eee 
Lamar to Hoilo.30 46 [eso ae er 14.20 Ges AOL OM weer 
Holly to Covol- 
ld ge Nan 0 LETH, corte Butt mee ee remes ie Dialers 
215 15960 303. 26457. 36 243.81 51.41 269.66 103.59 
57.36 ileal 103.5 
245 907 192.40 166.07 
55.f 
22k 


* Hyvident error. 


{ This omits the section from Caddoa to Lamar, lost by the 
breaking of the meter in slush ice and considers the gain from 
Orchard Grove to Boone to be that found in 1898. 

{ Estimated gain from Canon City to Bessemer ditch. 
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River Flow. 


The Poudre river, watering the valley adjacent 
to Fort Collins and Greeley, is a typical irrigation 
stream. For fifteen years records have been kept 
of the discharge at a point about twelve miles 
from the College with automatic instruments. 
The watershed above this point exceeds 1,000 
square miles. Weekly bulletins have been pre- 
pared for the local use of papers in northern Colo- 
rado. The quantity given is the amount measured 
at the canon, and includes an amount not exceed- 
ing 150 cubic feet per second diverted from other 
watersheds. This is not separately considered 
here. The amount is in cubic feet per second. 


Week Ending | 1899 | 1398 | Nor- Week Ending _| 1899 | 1898 | Nor- 
April 48 «..2.-.-<1-. 311} 167| 149 || Aug. 15..............] 640] 153] 350 
re Ayres 51 TAO i) Bh C280) pe 22...052...taee | 408 | AGRE BOD 
8 Seen 356 | 285] 471 |] 29..............] 803] tat] 268 
Sk oa ean 546} 248| 636 || Sept. 5...........04. 355 | 127 | 235 
ET eens, 9 Le. james | Meat whe ee sd z4| 82] 197 
pares css toes 4526} 764 | 1905 }| © ~ 19,0... c.eeeesee 203} 58} 163 
oS Ga tere P7oh | 1126, 37601 |! 26.5 nea se nese es 130] 46! 146 
Sey er ae © 1789 | 1817 | 2046 || Oct. 8............. 123} 35 | 142 
ott ONS pears! gie1 1996 | 2440 || ** 100524. esses 103 | 50] 141 
NE TES Prete i WT aya 0M aia © eee 2 133} 66 | 124 
iP aera A et $107 | 1266 |) 1660} 24..20..y6.c0.0c) 1284 TT | 1S 
dag yA tet. a2s2 0 P5OU We7G0 | 4808 Hil «Bh go. P 52. ee: 240 | 68} 100 
¥ © GC ope Geoene Sadr 1789 | 575 | 1069 WOM Wotetoslebaeasae Me ee neaacl Gaede 
era as. Sythe GiOR OER IN BENIN HS 5 4. Zao. 190: ERE aes 
Ege ee C4 Cla) oT ofl eR Coane al nce ona pons 
iy 7a i ee PEN AGN IR eee Ch ee ee 
< kighe aah oe 845 | 202) 421 Ayorafo -..-..|) 300 | asi) ae 


Duty of Water. 


Measurements were continued on a number of 
farms, several by automatic recording instruments. 
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The hay ranch of W.M. Post, and the general farm 
of J. H. McClelland, have now had the amount of 
water used by them measured for nine consecutive 
years. The results show very decided differences 
from year to year, so much so that it is evident 
that any conclusion based on the records of any- 
thing less than several years is on a very un- 
certain basis. Canal companies are often suspicious 
of inquiries of this nature; nevertheless several 
have cordially furnished their records for use. J. 
H. Crowley, of Rocky Ford, P. H. Sheridan, Hon. 
B. F. Rockafellow, and Henry Earle, of Canon 
City.and W. F. Crowley, of Holly, are among those 
whose aid has been especially useful. This materi- 
al will soon be brought into form for publication. 
A number of diagrams are already prepared. 

The investigations on irrigation in the Arkan- 
sas Valley have not reached the degree of success 
hoped for. Mr. R. W. Hawley, who became’ ac- 
quainted with the valley in 1898, was continued in 
the summer, and made a promising start. An at- 
tack of typhoid fever, probably contracted in the 
exposure in connection with the work, took him 
from the field in August. As no one else was 
available with the detailed knowledge of the locali- 
ties and the investigations, the records for the 
latter part of the season have lacked the super- 
vision which it was intended to give. The records 
themselves have not been worked up, and until 
that is done, full judgment can not be given. Sev- 
eral canal companies have furnished valuabie rec- 
ords. Among these records are records on the 
amount of water used on fields of varying crops, 
and on orchards, with several places where auto- 
matic instruments were used. In some places the 
records hoped for were interfered with by sediment, 
which, in the case of the Arkansas river, is some- 
times present in large quantities. 

The work 1n meteorology has been continued 
along the same lines as hitherto. Such observa- 
tions need to be maintained to give full informa- 
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tion concerning the conditions surrounding plant 
growth, and should be rendered accessible to those 
wanting them. While such material is not desir- 
able for a bulletin for eeneral distribution, it could 
well be printed as a part of the annual report, and 
the demands would be met by having some printed 
separately. There is now considerable data of 
value obtained from following the same plan for 
eleven years, and is now worth reducing. When 
that is done, it will doubtless be desirable to re- 
duce the time given to some of this work. 

The snow inthe mountains last winter wasso ex- 
ceptionalinamountthat it gave an unusual opportu- 
nity to study the effect of the forest on the preser- 
vation of snow. The time chosen was when 
ground began to show in the forests, in order that 
photographs would more clearly show the influence 
to the eye. When our mountain correspondents in- 
dicated this period, Mr. Stannard was sent with 
camera and field developing outfit, and through 
the guidance of Mr. John Zimmerman, of Home 
P. O., whose long and intimate acquaintance with 
the mountains took him to the proper spots with- 
out loss of time, some unique photographs were 
secured. Others were taken in the vicinity of 
Chamber’s lake, through the aid of similar cour- 
tesies shown by Mr. John McNabb, superintendent 
of the “Sky Line” ditch. The photographs show 
distinctly the important influence the forests exer- 
cise in protecting the snow from wind and sun. 

Acknowlegements are due to many for favors 
and courtesies shown. ‘This includes a list too 
long to give here, and over all parts of Colorado 
east of the Range. 

Respectfully submitted, 
EL GeeCARPEN DER 
Fort Collins, Colorado, 
December 6, 1899. 
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REPORT OF THE RAINBELT SUBSTATION. 
(The Name is now changed to Plains Substation.) 


To the Executive Committee of the State Board of Agrt- 
culture. 


GENTLEMEN—I present a report of the work 
done at the Rainbelt Experiment Station during 
the year 1899. 

The schedule adopted has been carried out, so 
far as crops were concerned, but we have been un- 
able to carry on investigations concerning the work 
done by others in the Plains region on account of 
work at the Station. 

We have kept a meteorological record, under 
the direction of the Meteorologist of the Central 
Station and have also acted as Volunteer Weather 
Observer and Crop Reporter for the United States 
Weather Bureau. 

A history of the Station, giving the results of 
the work from the time of its organization to the 
present time, has been written and placed in the 
hands of the Director. 


HORTICULTURE. 


The trees all grew well. One tree matured a 
few small apples. Cherry trees bore a small crop. 
ae matured no fruit. Gooseberry crop was 
ight. 

The seeds of twenty-five varieties of trees were 
planted. Only a few grew. More may germinate 
Nextyy Gay 

The following table shows the result of plant- 
ing trees and plants in the year 1899: 
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‘Oo 


Number Number 
Planted. Living. 


EM RREPERN cc cs cy 8st Sn an cnt 19 ilps 
CRGITV ERGOS sis: Sahy. nielec ce ee 6 4 
COEEUEAD PION. Veneers te cn ek, 10 ) 
German prunees<-.. ws. .: 5. sess e 5 1 
STW EES CAL TOC (eee Se tre he kes Os 6 6 
IQUESIAM APRICOT = ar vee ss sae ac itis es 2 12 12 
FLOMGYAIOGUR Ua eet a eek Oe See 1000 438 
PaM Oey Pe Go Re. cat fy AR eA eR 1000 484 
Wilt black cherry... ¢2t/s.0- hods cen 100 17 
1 DLT NGS tr sea de reyes aan oat Aa ee 100 43 
LOREM Top Bolrieane ae Ae oe ee eee ee 100 90 
RUSSIAN WIELONVO so c8 cysciers cvcseh opiechs 10 10 
Pei DCE DIOR Ween ete ee or eis eta Ss 8 rs 36 0 
DE TEAS s false OLR AOS 8 See ee a re 100 25 
KEOOSODOLLICS ee Enre oe cit eect fe 80 3 
HSTACKDEILICN eat to ees t-te ae 150 12 
DLLAW DELLICR eer erty = ioe se oe ee (OOO 20 
COTTA tS Rte te Oe eae as aoe 10 ii 
Dwarf Juneberries..... Sarkar mer, = Ley 10 


A garden was planted, but nothing did well 
except beans, peas, radishes and lettuce. 


FIELD .CROPS. 


Five acres were sown to alfalfa. A good 
stand was obtained upon four acres. 

Small grain was a complete failure. 

Several varieties of foreign millet were sown. 
None gave better yields than the ordinary var- 
ieties. All foreign varieties ripened seed, but 
none grew tall, and some of the plants merely 
stuck their heads out of the ground and went to 
seed. 

Corn made a small crop of fodder, but only 
two or three bushels of grain per acre. 

Potatoes were damaged badly by dry weather 
and beetles. Only the early varieties produced 
tubers. 

Several varieties of sorghums were tested. 
Some of them promised well enough to warrant a 
test on a larger scale. But few of the sorghums 
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mature seed here. Brown Durra is an early var- 
iety of non-saccharine sorghum which has matured 
a good yield of seed every year it has been tested 
here. 

One variety of cow pea has been grown on the 
plains until it has become naturalized. It yields a 
fair crop every year, and has yielded 600 pounds 
per acre here. . 

One variety of Navy bean, known as the Tree 
bean, gives promise of becoming valuable here. 


THE ‘“‘CAMPBELL PROCESS.” 


Ten acres were devoted toa test of this method 
of soil culture. Corn, barley and potatoes were 
planted. A part of each plat, or field, was pre- 
pared and cultivated according to instructions 
given by Mr. Campbell, while the remainder was 
given good culture merely. No difference can be 
seen in the results obtained by different methods 
of culture. 

IMPROVEMENTS. 


The dwelling has been repainted. and storm 
windows have been put on the north side. An 
office has been fitted up in the barn and a chimney 
built in the room. 


RECOMMENDATIONS. 


1. The crops which have given the best re- 
sults in small plats should be given field tests. 

2. The testing of untried grasses and forage 
plants should be continued on a small scale. 

3. More attention should be given to tree 
planting. 

4. The results obtained by settlers on the 
plains should be investigated. This information 
should be published so as to help others who want 
to live here, or warn those who may not like to 
live on the plains under the conditions which 
exist. 

5. To enable the superintendent to travel 
and gather information, the acreage in experi- 
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mental work proper should be materially reduced. 
The remainder of the cultivated land might be 
planted to forage crops which would yield sufficient 
income to pay for cultivation. 

6. Endeavor to induce settlers to co-operate 
with us in testing forage plants ona large scale. 

7. Put more work upon studying the con- 
ditions under which crops are produced, and re- 
cording observations along that line. 

8. Give special attention to ornamental trees, 
shrubs and flowers best adapted to this region, in 
order to help people to beautify their homes. 

Respectfully submitted, 
|. Be PAYNE: 
Superintendent. 
Cheyenne Wells, Colorado, 
December 12, 1899. 


REPORT OF THE ARKANSAS VALLEY 
SUBSTATION. 


To the Executive Committee. 


GENTLEMEN— Herewith is presented a report, 
in detail, of the operations of the Arkansas Valley 
Substation for the year 1899. 

The station is located at Rocky Ford, on land 
belonging to the state, a title being furnished con- 
ditional on its use as an experimental farm. The 
area iS 200 acres, 120 of which is leased to F. M. 
Harsin on shares. -The leased portion has con- 
sisted, approximately, of 13 acres in corn, 50 acres 
in cereals, and soacres in alfalfa, the balance being 
taken by roads, railroads, etc. The remaining 80 
acres have been under my personal supervision, 
and the acreage (approximately) may be summa- 
rized as, in vegetable and, fruit crops, 5 acres; or- 
chards and fruits, 10 acres; grasses, forage and 
leguminous crops, 15 acres; alfalfa, 15 acres; field 
crops, 25 acres; waste land and roads, Io acres. 
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FEEDING. 


The line of feeding inaugurated in the fall of 
1898 (the production of “Baby Beef’,) was carried 
through to a successful conclusion. For this pur- 
pose 15 head of calves, from 7 to 10 months old, 
were purchased about the middle of November. 
Four head had been raised by hand, the others 
were still running with the cows when purchased. 
Four head were grade Herefords; one was mostly 
Texas blood, and the remainder were grade Short- 
horns; they were considered a fair average lot of 
range calves. They were brought to the yards 
November rqgth, and weighed on the 18th, before 
watering, averaging 342.6 lbs. They were fed on 
alfalfa hay until December tst, when they were 
started on grain by feeding one pound of corn chop 
‘per head per day. The grain was gradually in- 
creased until, in two weeks, they were receiving 
three pounds per head daily. About this time we 
commenced to feed a few sugar beets. They were 
divided into three pens of five each for a compari- 
son of rations, January 1st. Pen No.1 was givena 
ration of three pounds of corn chop and four pounds 
of sugar beets; pen No. 2, composed of the smaller 
animals, was given three pounds of corn chop, to 
which was soon added one pound of whole oats; 
pen No. 3 was given a ration of three pounds of 
corn chop and one pound of oats per head daily. 
In one month this pen was put exclusively on corn. 
The whole were given the run of a large yard and 
as much alfalfa hay as they could consume. 

The rations were gradually increased until 
April 1st, when each pen was put on what we con- 
sidered “full feed.’ Pen No. 1 received five pounds 
of chop and eight pounds of sugar beets; pen No. 2, 
four pounds of corn chop and two pounds of oats: 
and pen No. 3, seven pounds of corn chop per head 
daily. These calves were fed an average of 178 
days. They were sold to local butchers for $4.60 
per cwt., deducting 3 per cent. for shrinkage. 

The results for the whole period may be sum- 
marized as follows: 
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average Prices. 


Hay consumed,......... 25,705 lbs... ..$3.00 per ton. 
Chop consumed,...... . 9,370 Ibs..... .80 per cwt. 
Corn consumed,........ 979 lbs..... .70 per cwt. 
Oats consumed,........ 1,271 lbs..... 1.00 per ewt. 
Sugar beets consumed.. 4,047 lbs..... 3.00 per ton. 
Average weight when purchased,....... 342.6 Ibs. 
“ ss SP SOLER ae Wee ee 602.7 Ibs. 
Total gain, (Jess 3 per cent.)............ 3,974 Ibs. 
Numberiofddays ted 25.2. 2i0e0 0s .c acs 178 
Average daily gain, (less shrinkage)..... 1.49 lbs. 
Total cost, (15 head at $18.00)............... $270.00 
Total cost of feed at these prices............ $139.14 
Hota amouisaol delOte-/ see se succes aes $415.88 
Cost of gain per pound at above prices...... 3%, cts, 
GRAINS. 


Twenty varieties of fall wheat were tested for 
growth, production and period of maturity. The 
principal object was to secure some hardy, pro- 
ductive variety of good quality that would mature 
before the hot summer weather. Some of the var- 
ieties did not prove desirable and were not threshed 
separately, hence their yields do not appear in the 
following table. 


Name. Yield Amount Date of 
in lbse sown Is. ripening. 
Red Mediterranean...... 1 July 18 
Big Mia veer negens oes «i 1 July 18 
ull tzeteeeremaaces Rieter ts if June 30 
IRD oh Ace ante 2 By Cee CRE 65 1 July 10 
Hunter’s Winter........ 67 1 June 30 
Scotch Fife....... 67 il June 25 
ELGG POLO Wear taic, arene ssnenets 4:2 1 July 5 
ORAM CO a5 ote se 8 cscs Taye 69 il July 10 
NOV AT CO nara Ges cecla: Gis lccns if L115) 
University No. 169...... 64 al Uo ifs) 
IP PEStOne te ee ta ete il J Tike 
University No. 163...... 69 1 BG 
Willman’s Fife.......... 1 ae () 
Bolton’s Bluestem...... 67 1 G3 ANS) 
RuEsian Now LOS oo. sare 653 10 Sa) 
RiusstamiNon4: «2. cca. - 326 3 aS 
russian INO n2/2 hans. 2 e558 20) 
EVUSSIANE NOs 4s tans levee 357 3 Ae ANS 
Red Ruesian No. 19..... 1 920 25 O55 
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Samples were selected in the field of the most 
desirable seed for sowing in the fall of 1899. The 
following were sown under field conditions, in the 
amounts given, on the 6th and 7th of October 1899, 
and were looking well when winter came: Red 
Russian, 190 pounds; Hunter’s Winter, 67 pounds; 
Scotch Fife, 52 pounds; Bolton's Bluestem, 67 
pounds; No. 169, 52 pounds; Russian No. 4, 63 
pounds; Ruby, 25 pounds; and Russian No. 10, 63 
pounds. Seed was furnished us from the Agricul- 
tural Section, at. Fort Collins; asia partroimeneates: 
of latitude and altitude upon the gluten content of 
the wheat. 

Four acres of Polish wheat or Mammoth rye 
were grown, under field conditions, for seed dis- 
tribution and feeding purposes. It was our aim to 
introduce this for growing under ditches of scant 
water supply to supplement corn as a sheep food. 
It yielded at. the rate of 25 pushelespemacce 

Hulless barley.was grown on slightly less than 
three acres of land to note its growth and pro- 
ductiveness and for seed distribution. The straw 
was short and the growth not satisfactory; 55 bush- 
els were threshed and we considered the yield at 
the rate of 20 bushels per acre. 


CORN. 


The lowa Silver Mine, Leaming, White Kan- 
sas King and Golden Beauty varieties of corn 
were grown under field conditions to note their 
growth, yield, period of maturity and adaptability. 
By seed selection we are attempting to reduce the 
ripening period of the Golden Beauty. This isa 
splendid variety of corn and the results 
this year show that its ripening period has been so 
reduced that it will fully mature here. From 4.7 
acres we secured 245 bushels of earcorn. The 
Iowa Silver-Mine and Leaming have not been 
husked at this writing. From one pound of seed 


390 pounds of ear corn were obtained from the 
Kkansas King. 
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PASTURES. 


The testing of grasses and clovers for pasture 
purposes has been continued. Those showing the 
best results were placed under field conditions, to 
demonstrate in a larger way their utility. 

About 1% acres were sown to Bromus tnermts 
in the fall of 1898, and a good stand was secured. 
This was pastured lightly this fall. This grass has 
has not proven, so far, all that was expected of it. 
This sowing was made to give further trial before 
passing judgment. 

The Station has demonstrated that Orchard 
grass thrives well, and in order to place it under 
practical conditions, considerablesowings of it, both 
alone and with mixtures, were made. About one 
acre was sown for pasture; also a plat containing 
Tall Meadow Oat grass and another containing 
alfalfa. Perennial Rye grass, Tall Meadow Oat 
grass and Hairy Vetch were also sown with the 
view of using them for pasture. 


ALFALFA. 


Turkestan alfalfa is being tested to note its 
growth and adaptability and for comparison with 
the kind commonly grown. 

Fall and Spring sowings of alfalfa are being 
compared and notes are being taken on the effect 
sub-irrigation and cultivation may have upon seed 
production. 


GREEN FERTILIZERS. 


Hairy or Russian Vetch, field pea and cowpea 
were grown to note their value as green fertilizers. 
The work this year has consisted of noting their 
growth and yield and the production of seed for 
future use. April ist, 54 pounds of Mummy field 
pea were put on about 3% of anacre. They made 
splendid growth, about 4 feet, and were harvested 
July 12 for seed. The yield was 9 bushels after 
considerable loss from storm. The Hairy Vetch, 
sown in 1898, did not take much growth until the 
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spring of 1899. On April 27th it was about six 
inches high. It was allowed to go to seed this 
year, yielding 65 pounds on 10,270 square feet of 
land. It ripened the first week in July. This is a 
valuable bee plant, blooming profusely as it does 
in early spring. 

Four varieties of the Cow pea were grown, 
namely, Whipporwill, Black, Clay and Blackeye; 
the last two in small quantities only. Fifty-five 
pounds of the former were put on about 6-7 of an 
acre. The yield of straw and grain was 2,800 
pounds. Fifty-seven pounds of the Black were 
put on about % of anacre. The yield was 2,125 
pounds. The Whipporwill is the most desirable 
because of its upright growth. This plant is valu- 
able for this section, especially for planting late 
and turning under as a fertilizer. 


FORAGE. 

The Idaho pea, field pea, Cow pea and Soyabean 
are being tested as forage and grain crops. Fore- 
seeing the need of a nitrogenous grain for feeding 
purposes, we hoped to demonstrate the value of 
their production and the advisability of their more 
general use. The first mentioned is not quite 
meeting expectations in the matter of growth. It 
bears seed profusely, but it is so short of stem that 
it is difficult to harvest. It yielded 4,000 pounds 
per acre, straw and grain. Most of it was fed to 
hogs without threshing, and was relished by them. 
An epidemic of sickness among the hogs of this 
vicinity prevented reliable notes on the growth it 
would produce. 

The medium Soya bean was grown. Theseed 
was drilled in May 25, irrigated for germination 
on the 31st, and again irrigated June 28 and Au- 
gust 23. 155 pounds of grain were taken from 
16,600 square feet of land, or at the rate of 4oo 
pounds per acre. It was ripe by September to; 
cut with mower and raked with horse. 

This plant yields heavily, resists drouth ex- 
tremely well, and is very highly nitrogenous. 
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CANTALOUPE. 


Different amounts of irrigation were given to 

three plats of cantaloupe to test the effect on qual- 
ity and production. The soil was of the same 
character, the seed was planted at the same time 
and treated in the same manner for the first 
month. : 
One plat received seven irrigations, on June 
19, 30, July 10, August 1, 17, 26, and September 4; 
another three irrigations on June 30, August 1, 
September 4; and the third one irrigation on July 
10, just before a very heavy rain. Each irrigation 
lasted about six hours. 

It is common in this vicinity to irrigate about 
every eight days, paying but little attention to the 
needs of the plant. Very heavy rains occurred in 
July, furnishing all the moisture necessary. There 
was no appreciable difference in the yield or the 
quality of the first two plats mentioned. Both the 
fruit and the vine of the third were smaller and 
consequently the production less. The quality 
seemed to be better than the others. 

The idea prevails with some that much rainy 
weather has a tendency to produce a poor quality 
of melon. Our tests indicate that a too plentiful 
supply of moisture may deteriorate the melon, but 
as it is not marked, the loss in quality so much 
complained of, must be traced to some other cause. 

The next experiment we wish to note was a com- 
parison of cantaloupes on alfalfa sod with those 
grown on a soil cropped in different ways for a few 
years past. We also wish to note the difference 
in quality and production of the crop grown on this 
soil as compared with barnyard manure used in 
the hill, and bone dust (finely ground bone) also 
in the hill. The alfalfa was plowed under in the fall 
and replowed in the spring. On the alfalfa sod 
the vines were large and rank, the fruit of good 
size and quality, and production larger. Some 
hills had as high as eighteen good, merchantable 
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melons. They also resisted disease much better, 
hence produced fruit later. The quality, as a gen- 
eral thing, was better. There was no appreciable 
benefit from the use of the bone. That manured 
with barnyard manure produced more and better 
vines and fruit than when no fertilizer was used. 
Evidently a nitrogenous fertilizer is all that is 
needed upon these soils for the cantaloupes. 

A test wasmadeto note to what extent hot-bed 
propagation may hasten maturity and how success- 
fully it may be performed. 1 ) 

The seed was put in hot beds April 3d. Some 
seed was put in cans so arranged that the plants 
could be taken from them without disturbing the 
roots. Other seed was put in the hot bed without 
any support. It was found quite difficuit to trans- 
plant them when the roots were at all disturbed. 
Fully 95 per cent of those set out from the cans 
grew, and about 50 per cent. of those taken from 
the bed without support. 

The first planting in the field wason April 20th, 
and the next on May oth. ‘lhe first ripe melon 
was taken from the transplanted vines August: 17th, 
only one day ahead of the plants grown on alfalfa 
and manure, and only four days ahead of those 
grown with no fertilizer. They ripened in quan- 
tity, however, faster, and for the next ten days 
gave more ripe melons than-any other planting. 

_ Anticipating that the leaf blight that had been 
affecting the cantaloupe for two or three seasons 
previous to 1899 would gradually increase until it 
endangered this crop, we secured some seed from 
melons affected in 1898, to plant in 1899, to note 
whether the disease was communicated to the 
plant from the seed. The seed was planted sepa- 
rately and on land that had not produced melons 
for some years at least. The trial did not show 
that the disease is communicated to the plant by - 
the seed. A striking similarity is shown between 
the product and the parent crop. To further note 
this and to improve the quality and shape by selec- 
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tion, for the purpose of securing high-class seed 
for distribution to maintain a high quality of this 
product three grades of seed were made this year 
for use of another season. 

The only insect troubling the cantaloupe was a 
few small, black flea beetles. These appeared 
when the plant had but two leaves. A spraying 
with Paris green and lime (1 oz. of the green to 10 
gallons of water) was sufficient to reduce their in- 
jury. 

During the season much valuable work was 
done combatting the leaf blight (Macrosporium 
cucumerzts of the cantaloupe. This disease was 
prevalent and seriously affected the crop, especi- 
ally in the vicinity of Rocky Ford. This disease 
appeared seriously in 1898 in some fields but this 
year it spread rapidly and reduced the product on 
many fields to a very small amount. The quality 
of the cantaloupe was greatly impaired wherever 
this trouble was of a serious nature. . 

We began early to spray the plants grown 
from seed taken from blighted melons in 1898. 
The first spraying was done June 22d, at which 
time there was no appearance of blight, but one- 
half of the vines were left unsprayed as checks. 
They were again sprayed June 30th when we. noted 
“something on the leaves which appears like 
blight.” At this time the vines were just begin- 
ning to run well. Previous to the 19th of June the 
weather had been very dry. July 7th we had .44 
in. of rain, and during the month 7 inches fell, 
most of it in the week commencing the 13th. 

We did not spray again until July 22d, at 
which time the blight was strongly in evidence. 
July 31 we sprayed the new growth. August 11 
we sprayed what new growth had been made. 
The sprayings made after the 22d of July were a 
great benefit. The vines held up fairly well and 
the fruit was of good quality, while that of the un- 
sprayed vinesripened prematurely. The sprayed 
vines were in good condition from two to three 
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weeks after the others had succumbed to the dis- 
ease. This disease spread so rapidly, and the 
question was of so much importance that we in- 
augurated other experiments, in the latter part of 
July, on a much more extensive scale. Spraying 
was done with Bordeaux mixture and with ammo- 
niacal copper carbonate, both upon the Station and 
upon Mr. I. D. Hale’s place. We also used the 
Bordeaux mixture upon about an eighth of an 
acre of cantaloupes belonging to G. W. Swink, and 
on about one acre belonging to I. D. Hale. These 
were given but one spraying. To further test the 
Bordeaux mixture, 134 acres were sprayed once on 
Mr. Fenlason’s place. This was done August 22 
and 23. The vines were large and completely 
covered the ground. The blight was showing 
quite extensively. The principal object was to ob- 
tain the cost of spraying. These tests confirmed 
the conclusions formerly drawn, and the many peo- 
ple who saw the effect of the spraying were con- 
vinced of its benefits. 


POTATO. 


This section of the state is not the habitat of 
the potato. Much experimental and field work has 
been done by the Station with this vegetable. 

Our work embraced some investigations bear- 
ing upon soil treatment and general cultural re- 
quirements, hoping at least to establish some gen- 
eral principles that would enable the farmer to 
produce potatoes in sufficient quantity for domestic 
use. 

Three plantings were made on different dates 
on alfalfa sod, namely, May 11, 26, June 13. The 
yields were 570 pounds from the first planting; 420 
pounds from the second; and 138 pounds from the 
third from the same area for each. The first 
planting was much the best: the last was small and 
of little value. 

A test was made to find the effects of different 
amounts of irrigation. Eighteen rows of Mammoth 


‘Aroyesoqey yeormays *Z ‘Sly 


uolye1g yusuadxy Ope0]09 
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Pearland 14 rows of Rose Prolific each 217 feet 
long were employed. The former was divided 
into two plats of nine rows each, and the latter 
into two of seven rows each. It was intended to 
irrigate one plat of each kind a sufficient number 
of times to keep the plants growing thriftily. The 
other plats were to remain without water until such 
time as they were actually in need of it. 

The idea prevails that irrigation causes the 
rank growth of vines at the expense of the tuber 
growth. The following table gives the amounts uf 
irrigation and the results: 


Vame. No. of Dates of Yield in 
TOWS. Trrigation. Pounds. 
Mammoth Pearl 9 July 1,31, Aug.20,Sept.5 405 
Mammoth Pearl 9 Aug. 4, 20, Sept. 5 145 
Rose Prolific 7 July 2, Aug. 18, Sept. 4 545 
Rose Prolific 7 Aug. 3,18, Sept. 4 305 


Planting was done May 30 and irrigation em- 
ployed to germinate the seed. The cultivation of 
each plat was the same. 


CELERY. 


Owing to the demand for information upon the 
growth of celery, some work has been done to 
note the character of soil and the methods of cul- 
ture needed for its production. 

To do this we have compared the work of the 
Station with that of outside parties. Two 
things have been demonstrated; namely, that the 
seed must be sown in open field and only the large 
and thrifty plants used for transplanting; and 
second, that blanching by earth must be employed 
to secure a quality at all desirable. 


SUGAR BEET. 


Three lines of work have been employed with 
the sugar beet; viz: in a small way to test what 
effect the different dates of planting may have 
upon the germination, yield and sugar content of 
the beet; the production of seed (from beets tested 
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by the specific gravity method for high saccharine 
quality) far the improvement of the sugar content; 
and one acre, under field conditions, to note the 
general requirements and the cost of production. 
; Four rows, each twenty feet long, were planted 
April 4 and 17, and°May*2; 16 and) 21, SOneniay 
2, two plats of four rows each were planted so 
two rows were eleyen inches apart, then a space of 
27 inches and then 11 inches between rows again. 
The weather was such that germination was very 
poor, and not before May 16 were we able to se- 
cure a fairly good stand. 

The beets were dug October 21 and sent to 
Grand Junction for analysis the 23d. The table 
gives results: 


Time of Yields Per cent. Per cent. Per cent. 
No. planting. in lbs. total solids. sugar in purity. 
juice. 

1 April 4 123 19.42 16.10 83 

2 Aprill7 _ 112 18.09 14.95 83 2 
3 May 2 (close) 110% 20.20 #1690 83.7 
4 May2 (wide) 112 ero ww s80 Y 30.9 
5 May 2 (close) 9716 ite 1465 80 

6 May 2 (wide) 1251¢ 18.18 1465 806 
7 May 16 19114g 18.42 15.05) 84.5 
8 May 31 1311 18.32 + 14.80 86.8 


The sugar content of about 110 beets tested 
from 17 to 23 per cent. by the specific gravity test. 
A considerable quantity of seed was secured which 
will be planted to test to what extent the sugar 
content may be improved. Some of these’ beets 
were planted between rows of corn and in the pro- 
tection of orchard trees. The results showed no 
benefit. There’ was no destruction (from wind) 
of the seeds where grown in the open. The above 
work was done in connection with Professor W. W. 
Cooke. 

To test. the cost of production 8% pounds of 
seed were put in with grain drill May 4. The 
land was in splendid condition when the planting 
was done, but the cold, dry weather following pre- 
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vented germination. Accordingly, on June 1, the 
ground was well harrowed with an Acme harrow 
and 6% pounds of seed again driiled in. About 
50 per cent. of a full stand was secured from the 
planting. An account was kept of the number of 
hours employed in the production of the crop. 
The results are as follows: 


Furrowing and cultivating. 23 hours, at 25c... 5.75 


Seedinpy Ss MOWPSAWOUC cas sis) Romeo oenn oleae 90 
Hoeing and thinning, 63 hours, at 15c........ 9.45 
Terie wiiOn, sO MMOULH AU MO Osc: eae. « eeieeisadeue 3.90 
Plowing out at harvest, 1114 hours, at 30c.... 3.45 
Tovping and pulling, 4214 hours, at 15c....... 6.37 

MD OCAIMCORG Me Hea. < oct cork nats 45 eka eee ns $33.27 
Wicd 0 Sitonsra eo O0 Sanaa oes co haere eee $32.40 


To the above must be added the cost of seed; 
but on the other hand we must consider that the 
land is well plowed and an allowance for this 
should be deducted. | 

These beets analyzed on the 23d of October: 
Total solids; 17:55 per cent; sugar in juice, 14.75 
per cent; purity, 84.1 per cent. These results were 
obtained under the most adverse circumstances. 
The last seeding was too light, but no more seed 
was available. 

BEANS. 

Spraying and cultural work has been carried 
on with the bean, looking to the control of a blight 
Whicit saltects. it... .spraying) the..vines with 
Bordeaux mixture has given no beneficial results. 

Plantings were made .May 17 and June 20 to 
note whether time of planting and maturity has 
any effect on the occurrence of the disease. The 
first planting matured August 12, the second by 
September 13. Both plantingswere badly blighted, 
but the difference, if any, was in favor of the late 
planting. We anticipated doing some work for 
the control of the bean anthracnose which was 
prevalent in 1898, but it did not appear in 1899. 
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ORCHARD. 


The hail storm of June 6, 1899, together with 
the severe winter following, destroyed nearly the 
whole of the orchard trees set in 1896, and those 
reset ‘in the spring of 1898. This is what has been 
termed the young orchard. The most of the land 
was reset last spring with 28 varieties of apples, 15 
of cherry, 21 of plum, 25 of peach and 16 of pear, 
besides the following kinds of nuts: butternut, 
French walnut, Japanese walnut, shellbark hickory, 
filbert, pecan, sweet chestnut, English filbert and 
almond. 

The number of trees set is as follows: Apples, 
75° nuts, 40; cherries, 31; plums, and prunes.45, 
peach, 50; nectarines, 4, pear, 42; of which Io 
apples, 23 nuts, 18 cherries, 11 plums, 11 peaches, I 
pear and 1 nectarine failed to grow. 

The large loss of cherries was mostly due to 
stock injured by the severe winter. 

Some varieties in the old orchard have been 
cut out and many more are in such condition that 
we will cutthem down. The first variety to blight 
was the Wagner; this was followed by the Mann, 
Peters, Smith’s Cider, Baldwin and Delaware’Red, 
The Clapp’s Favorite, Flemish Beauty and Keiffer 
pears have died. The Longworth still survives, 
but is not healthy. 

Ground bone and wood ashes were applied to 
the roots of some bearing apple trees to note any 
effect upon their health, growth and productive- 
ness. Owing to a late frost destroying the bloom, 
there were but a few scattering apples. 

From 12 to 25 plants each of seven new var- 
ieties of strawberries were set out this spring, 
making 24 varieties upon the Station. Seventeen 
of these varieties were reset from an old bed in 
the spring of 1898. The hailstorm of June 6 
destroyed many plants and so weakened the 
others that it has taken most of this season for 
the plants to establish themselves in a healthy 
condition. 


The Strawberry leaf-roller has become quite 
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troublesome. .Burning the vines, over which a 
light coating of straw had been placed, has been 
done both fall and spring with beneficial results. 
If this method is pursued, no doubt this insect can 
be exterminated. 

_ There is considerable demand for information 
in regard to varieties of small fruits which will 
succeed in this section. About one dozen plants 
of each of the following varieties of berries and 
one-half dozen of the grapes, besides three plants 
of the Campbell Early grape were set to supply 
information along this line: 


Red Black Foreign 
Blackberries. Raspberries. Raspberries. Grapes. 
Western Triumph, Miller Red, Eureka. Muscat, 
Taylor Prolific, London, Gregg, Ladyfinger, 
Cuthbert, Palmer, Black Hamburg, 
Columbian, Kansas, Emperor, 
Cornichon, 
Flame Tokay, 


Thompson Seedless. 


The weather was very dry and cold after the 
above were set, and many plants failed to grow. 
It will take another season to tell to what extent 
they did succeed. The winter of 1898-1899 killed 
to the ground all varieties of grapes upon the 
Station except covered. The list of grapes in- 
cludes Moore’s Early, Lady Washington, Empire 
State, Worden, Duchess, Concord, Pocklington, 
Lady, Niagara, Brighton, Delaware, Martha, 
Woodcraft Red, Catawba and Iona. 

The plums fruited but very little this year, 
the severe winter killing the buds. One tree of 
Forest Garden, one of De Soto, and two unknown 
trees were well loaded with fruit. There were a 
few plums on the west and south sides of the 
Chickasaw. 

Observations have been taken upon some 
troubles affecting the tomato crop, with the in- 
tention of formulating some experiments for their 
control. Chief among these troubles is a blight of 
the vines, a rot of the fruit, and a failure of the 
vine to produce fruit. 
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In connection with Professor Gillette, some 
work was done in the orchard of J. H. Crowley, 
bearing upon the codling moth. It consisted of 
covering eight trees with netting, to study the 
efficacy of spraying and to what extent each brood 
affects the apples. The results seem to show that 
we have but two broods of the moth, and that the 
moth ceases transforming. about the 2oth of 
August. 

METEOROLOGY. 


The meteorological records include the follow- 
ing: temperature, maximum and minimum; psy- 
chrometer; wet and dry bulbat 7 a. m. and 7 p. m; 
precipitation; sunshine; wind; frosts; dews; and 
other phenomena. Reperts have been sent 
monthly to the section at Fort Collins and dupli- 
cate reports to the Weather Bureau. The weather 
of the past season has been characterized by a 
very cold, windy, dry, spring, followed by heavy 
ans in July and August, with late and pleasant 
all. 

We fail to see an; beneficial results from the 
application of gypsum in 1898. All that such a 
soil needed was proper cultivation and irrigation. 

In addition to the experimental work proper, 
enumerated above, 7 acres of oats, yielding 207 
bushels, were grown. ‘Vhree crops of alfalfa were 
harvested from 11 acres of land, the yield being 
estimated at 4o tons. About 60 pounds of canta- 
loupe seed were saved besides that selected for 
experimental purposes. Thirty-five crates and 
five baskets of cantaloupes were sold. 

_ The returns from the leased land have been 
85 bushels of corn, (estimated), 60 tons of hay 
(measured), and 335 bushels of grain. 

Respectfully submitted, 

Hi big Ga Eins 
Superintendent. 
Rocky Ford, Colorado, 
November, 30, 1899. 
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RECORD OF SIX YEARS WORK AT THE PLAINS 
SUBSTATION. 


J. E, Payne, Superintendent. 


Note by the Director: 


The Rainbelt Station was established in accordance with the 
act of the legislature. It is located near Cheyenne Wells, certain so- 
called wells having existed near the old Overland trail. Subse- 
guently artesian water was sought by the government, and several 
wells haye been put down to considerable depth, the only water 
found being within a few hundred feet of the surface. 

This station has the characteristic climate of the Great Plains 
—hot summer days, with heavy drying winds, and occasional heavy 
downpours of rain. The region is entirely given to range stock. The - 
early trials of the settlers at farming have been failures. Now a few, 
who are priocipaliy interested in the range industry, are again mak- 
ing trial and with some degree of success. The investigations of the 
Station have followed the plans of the superintendent, and have been 
carried oo under discouraging conditions. The work has been 
largely negative in results. The unsuccessful as well as the success- 
ful trials are here recorded so as to be accessible to those who may 
be interested in the Plains. 

In general the uvailable supply of moisture has not been suffi- 
cient to tide the snallow-rooted crops over the dry periods. A plan 
of investigation somewhat different will be followed in 1900. 


Until 1870 but very little country west of the 
one hundredth meridian was settled. But the 
pressure of population in the eastern states induced 
people to look for homes in the ‘Great Plains 
region. Gradually, the tide of immigration, led on 
by land agents who advertised the country, flowed 
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westward until all the ‘“blue-stem” region was set- 
tled, and much of the “short-grass country’ was 
occupied by enthusiastic home-seekers. 

By the year 1888 a considerable part of eastern 
Colorado was in possession of people who were de- 
termined to make the desert “blossom as the rose.” 
One or two years of well distributed rainfall en- 
couraged settlers. These were followed by several 
years unfavorable to farm crops. These, coupled 
with an imperfect knowledge of crops adapted to 
the country, soon caused an exodus of the enthusi- 
asts. Only those who depended upon stock-raising 
for their living stayed in the country. 

Land agents and railroad companies held the 
theory that eastern Colorado and western Kansas 
could be a farming country without irrigation if the 
conditions prevailing could be thoroughly under- 
stood. 

Acting upon this theory, an agitation was be- 
gun for the establishment of an Agricultural Ex- 
periment Station in what was called “the Rainbelt.” 
This resulted in the passage of a bill appropriating 
twenty-five hundred dollars ($2,500) from the In- 
ternal Improvement fund for the equipment of 
such a station to be located in Cheyenne county. 
This law went into effect too late in 1893 for any 
farming to be done that year. 

A committee from The State Board of Agri- 
culture, consisting of Messrs. Emigh, McClelland, 
and Kellogg, selected the northeast quarter of sec- 
tion 29, township 14 south, range 44 west (the same 
being railroad land),-as the site of the Station. 
This land was deeded to The State Board of Agri- 
culture on condition that it be used forever as an 
agricultural experiment station. 

After the land was acquired, the northeast 
forty acres was broken during the winter of 1893- 
94. Contracts for a dwelling house and a barn 
were also let. The house was ready for use in 
April, 1894, and the barn a little later. 

The question of water supply came up early 
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in the history of the Station. The school district 
in which the Station was located offered to supply 
water for the domestic use of the Station. To 
make the water furnished by the school district 
available, 3,000 feet of pipe was laid. Two T’s 
were put in. One is twelve and a half rods north of 
the north fence of the Station, and the other op- 
posite the mixing pits of the brickyard, which are 
about fifty rods north of the north fence of the Sta- 
tion. The latter was afterwords fitted with a valve, 
and a pipe was attached for supplying water to the 
brickyard. The one nearest the fence was plugged. 

Water was supplied according to contract by 
the school district until January 1, 1899, when the 
Union Pacific railroad company leased the well and 
assumed the obligations of the school district ia 
this particular. 

April 1, 1894, Mr. J. B. Robertson, a practical 
farmer of considerable experience, took charge of 
the Station as Superintendent. 

The season of 1894 was unfavorable for crops 
all over the plains region. The crop on the Sta- 
tion farm, being on sod, fared badly. Only a few 
hundred pounds of fodder per acre was cut from 
the plats planted to corn, Kaffir corn, and saccha- 
rine sorghums. No grain of any kind was pro- 
duced. A few trees were set out near the house, 
and ground was broken in October for an orchard. 

In 1895 all fodder crops produced good yields. 
Small grain was a failure on account of a severe 
hailstorm June 2oth. The same storm cut corn 
down so badly that but little mature seed was pro- 
duced. Two acres were planted to fruit and forest 
trees. 

April 1, 1896, Mr. Robertson was succeeded by 
Mr. J. E. Payne. The schedule of work for the 
year had been already adopted, and was carried 
out as planned. No trees were planted. Small 
grain wasa failure. No grain was produced ex- 
cept by three varieties of Kaffir corn. The study 
of soils was pursued as circumstances would per- 
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mit. An implement shed was built this year; also: 
a sod wall wind break. A moderate yield of fod- 
der was produced. 

The year 1897 was quite favorable to the pro- 
duction of fodder crops. This year, the main work 
of the Station was put upon a test of varieties. 
Several hundred varieties of grains and grasses 
were planted, but none proved to be better than 
the standard varieties grown in western Kansas. 
Three thousand seedling Russian mulberries were 
set out. Nine hundred cuttings of Russian 
Artemisia were planted. The Russian mulberries. 
are now stout shrubs which winterkill badly. Only 
three Artemisia shrubs are now alive. The vacan- 
cies in the orchard were filled with trees from Fort 
Collins. 

In 1898 some small grains made moderate 
yields. Corn yielded about fifteen bushels per acre. 
Only a few varieties were tested. No trees were 
set. Fodder crops which were cultivated made 
good yields, but sorghum sown made practically 
nothing. 

The year 1899 proved to be one of the most 
unfavorable in the history ofthe Station. Twenty- 
three hundred forest trees were set. Seven hun- 
dred plants of various small fruits were set out. 
A few standard fruit trees were planted. A large 
number of varieties of seeds of foreign plants were 
sent here by the U.S. Department of Agriculture. 
None tested have proved superior to varieties 
already in cultivation on the plains. 

The following maps give some idea of the 
location of the trees and buildings, and also of the 


cropping of the cultivated land since it was first 
broken: 


Plate I shows the location of crops in 1895, so far as known. 


Plate II si th 1896, 
Plate III ss “ a 1897, 
Plate IV fe se Mi 1898. 


Plate V “6 by Ws 1899. 
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The following table shows the precipitation at 
this:Station’from* June “rst, 1894, until” Nov. 24th, 
1899. Thetable given in the report for 1898 is incor- 
rect in several cases. 


MONTHS 1894 1895 1896 1897 1898 1899 Means 

Inches | Inches | Inches | Inches | Inches | Inches | Inches 
ey ATHUAEY: Sratid cctaicievalere > wi peers -67 45 26 .03 47 38 
Bebraaryice. sn aici « pate 27 Tr .10 .00 -36 5 
IMRT OR ayccyee tee eraseto sts deers Coot 16 offil 1.58 .61 .39 69 
PANEL tere cas a teln ayers nie sisis 5060 1.67 8.41 .| 1.20 1.10 -03 1.48 
Ish FE 7 Saco CORO OARCR Oe CARS mare 1.49 2.28 1.44 5.56 2.88 2.72 
ARSE» Cap einer meCRaOGnre 48 3.00 3.03 2.22 3.95 1.89 2.43 
DUN ara waren eons Xess 1.99 6.38 2.27 4.19 2.09 3.67 3.43 
AMQUSG saeaieelesreciecre) |) obOo 1.22 3.07 3.24 1.33 55 1.74 
eptember cee. sores iu bye 84 92 2.00 78 78 
Mctobetne cen s-cioes:-' 14 21 78 2.78 43 Tr 72 
INGYCIMUDOE sha. cls are enie Au .30 7 10 50 2.49 56 
December. scielerass «0.06 55 42 .60 20 48 0.55 47 
ERG Uae sustess.s.c10'<;5%0 = 15.79 | 17.44 | 18.18 | 18.13 | 14.06 15.55 
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The following tables summarize the tests of the 
different crops and the results. Practically the 
same methods of culture have been practiced in 
variety tests from the time the work began until 
the present time. 

BARLEY. | 


1894—Only one variety, the California, was ° 
sown on May2. Failure. 

1895—Three varieties were sown, the Califor- 
nia and Mansury, on April 8, and the Black Hul- 
less, on May 6. AIll failed. 

1896—Black Hulless, Mansury and Highland 
Chief were sown April 20. All failed. 

1898—Nineteen varieties were sown. Most 
produced only seed. Some gave a small yield 
which is indicated in the figures after the names 
of the varieties. All were sown April Io. 


Bu. Bu. Bu. 
Black Hulless.... Manguryess are 2.2 Highland Chief... 
White Hulless... New Beardless... Surprisesss eee 
Odessatuenar maces 2) See TOOpe lamer aire Vane uard en ae thea 
INU Gonassoo Slee INE Aoouaa tac : HIMersOnie= eee eee 
SIGE? 5 heb Bowe Frenen Chevalier Mantattanieesacer 
INGUIN ong deoshe Silver King...... 1 CMSUCCeSS eer ena 3.3 

Ideals +.ebe soe 


1898—Two varieties were sown, the California, 
April 30, which yielded 18 bushels per acre; and 
the Black Hulless, sown on April 28, yielded 21.6 
bushels on packed ground, and 20.2 on unpacked 
ground. 

1899--Only one variety, the White Hulless 
was sown April 6. Failure. 


RYE. 

1894—None sown. 

1895—Spring rye, sown April 8. Failure. 

1896—Colorado Giant Spring rye, sown April 
24, and Large Pennsylvania White, sown Septem- 
ber 28. Both yielded seed. 


1897—Four varieties were sown in April, 
and none in October. Prolific Spring and 
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St. John’s, sown April 5, yielded seed only. Colo- 
rado Giant Spring, sown April 25, yielded 3.4 
bushels per acre. Winter rye, sown October nee 
was a failure. ; 

1898—Colorado Giant Spring rye, sown April 
27, yielded 5.3 bushels on packed and 4.1 bushels 
on unpacked ground per acre. 

1Sg9—None sown. 


OATES = 


i894— Three varieties were tried. Excelsior 
‘was sown April 7; White Russian and White oats 
May 2 and 3. Failure on account of winds and 
grasshoppers. 

1895—Excelsior, sown April-7, was cut for hay. 
Yellow French, sown April 18, was destroyed by 
hail June 20. 

18g6—Twelve varieties were sown. Two, the 
Excelsior and Black Russian, were sown April 9; 
tie remainders April-23. The’.Excelsior was an 
entire failure, having been blown out. The others 
produced seed only. 


Black Russian, White Russian, Belgian, 

Golden Sheaf, Superior Scotch, Burt’s Extra Karly Rust Proof, 

Red Georgia, Clydesdale, Red Rust Proof, 

New Welcome, Nebraska White, American White. 
1897—The following thirty-one varieties were 

sown April 9. In most cases seed only was pro- 

duced. The figures following the names indicate 

the number of bushels per acre where the yield 

was greater: 


PP CONSIO RN reese Sra cerers scree avs «2 Black sNUGSIAN. | co cae eee One 
GoldenUSh Gales nce. neces Superior scoteh,. «.. assesses 
Burt’s Extra Early Rust Proof,2.0 Red Georgia,..........4.....3.7 
(UNG 0 EN SE nha eee Rediniusteereot. coos 
IWewe WiOlGOMG, «6 ascappes oo oho American \Wiltten... sae 
iReeveySo-1 8 Keyes (oee eames oe career Badger QuUee0 ecem ao aera 
SWOUIGD eae ee Beane nemicionee Hazlettiis Seizure... +4. ae 
Beotush Chisel er ote0.4 b. eee imported Inishy:-\.t..0 a2 soe 
HROSCC A Ocee a cuawis vaplesenecci-aiatee ehetene WictoOniane CiCeia: cone eee 
NVihiibOmVVOMGE Lr: aie 9 cles ale ae NVI COMP T. .c.05c sardto oem aac 
Role wire acts Bn eee tect een ae e BS ana OT aes: oa Seca eee 
Tian COMDTERE Raa GO ee oe ee Wie nimOmibes.0 ae aoe aA ee 
Greate INOMUNEMD yes sa ele be seus (Grollal Mi bGa\eHmmenmence os ance cove 
UPI M VUGTING so nates forces sosecensvatene NVashuee IEMA Soo cane coome 
IMlexacann GRAY tryancietite ge ac sers.s MomrtcacerLiltOrs senate Ba 
RUE Ian VELING Satan tors cella ei Giewels ING Wee Zealand. aac Heres 
ING OOM VOC Cyn sacle cae © LORAINE Aen omene cw bao se ou ce 


White Schoenen,............-. Winer Oats. oe fcaen ie uae 
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1898—Two varieties: the Russian, sown April 
28 on packed ground, yielded 20.5 bushels; on un- 
packed ground, 28.5, Winter Oats, sown October 1, 
proved a failure. 

1899—Seven varieties were sown on April 8. 
All proved a failure. 


Black Russian, Red Rust Proof, 
American White, New Zealand, 
Negro Wonder, Lincoln, 


White Schoenen. 
WINTER WHEAT. 


No Winter wheat was tried in 1894 or 1895, 
1897 or 1899. 

1896—Thirty-five varieties were sown. The 
first ten named were sown September 23; the next 
nine, September 28; the remainder September 30, 
except the last two, which were sown October 1. 
Where figures are given after the names the yield 
per acre is indicated. 


Buckeye:c.. as cine rae ee Seneca Chief... 2.7.2.5 420055 
Turkey }iccu orate ees 2.1 -RedsMay.scx.;. . seen 
Tasmanian. Red, 6.0087 spc. oe 4:0. Zimmerman,.... 22.2...) 3.9: 
DHOISS). 5.2)... salen ase PRE I Soni 1°8:>, Delta, acme nee eee 1 
Currel lay. perac sn eee aon Fuleaster':<--) 4. ee 1.6. 
Golden) *Cross)\ 422, eee eee 1. 7-2Gold) Coln-cese seeeee eee eee 
Poole:ciks Oe eee eee eee 1.7 Jones’ Winter Fife......... 2.2. 
Early Red Clawson ........... i improved Nultzz eases 1.4 
Horty:foidiet: arenes ccs aie Rochester Red.............. 2.3: 
iPrizogakerteerr-ncenes can eects YX (Ruseian) eee eee 
Reds Winter cmacaistcns caetets Genealogique Red ......... 
Bearded Wintenanesececscn ioe Amautkacc 2. seceacrenaee 
Red. Girka a nccnccne oe see De; Thiessen: see eee 
Compound Fees ee eee Belokoloska.-.+- see enee 
Genealogique White.......... Winter Gitkamenccsscoareert 
Buda Pestb (Austria).........1.2 Turkey (in row—Kanesas)...4.2: 
Mediterranean (inrow—Kargas)1.6 Turkey (Kansas) broad cast. .4.6 
Mediterranean “ se re 


1898—One variety, the Golden Cross, was 
sown October to. Failure. 


BO EUS 12 @aU 2 OF OP R OOM Lokal 4 


juawiiadxy opesojo:) 
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SPRING WHEAT. 


1894—Three varieties, Blount’s No. 10, No. 16, 
and Defiance, were sown May 3. Failure. 

1895—F our varieties, Velvet Chaff, Saisie 
wan Fife, Marvel and Polish, were sown March 18, 
and Defiance, April 17. All proved a failure. 

1896—Blount’s No. 16 and Defiance were sown 
April 21, Polish, April 24. Seed was produced. 

1897—Twenty-nine varieties were sown; the 
first three on April 5, the remainder April 10. The 
figures after the names give the number of bushels 


Ber acre: 
Biommtie NO 16K | oiccscs. wietein sy: 2.0) WetaAnce ncn ashe eee 
PONS Eel ony... 80 ch heats ee aey Velvet Oat #<..eeeey eee 
Saskatchewan Fife......... . DOU MS PlltZinenactes cs cates eee 
CUS OS <i let Ba r eA ad Ae De oue COLOLAC GO: -rer or. cece 
SUMO IRM oycereeronvor tie aleietecets D288, WadOP ays. clke cso cee 
EGGS), PS rere ottawa <8 Ja oe Sy Red Mifetiana.. here 1.8 
INGVANEA See tetas ani hee i I Te MWh ite Wife ses act. cele eer a8) 
BOYS ESI AS Se Ges antonio ne ee Gee LG Old Redikimerc.ccsrs-eacece ite) 
ENG STUTRENS ees HAO RODEO Fl a ©) COh' 8 enn MIRA ES Ge Go cola e 
SiG Ey Aas See er oe 1.8 White Comeie sana ee een We 
PROSGON ha sreranyo aera en tc ese = .9 Prinvgle’s Champlain........ 1.8 
ESUORStenie Neneh et ke ect oe 1G WeMISDULY. ccc een eae 1.8 
Hayne’s Pedigree Blue Stem.. Pedigree Blue Stem........ 
ENSBITIDOLA Sete torre ole dee eis eSes Okanagan Velvet Chaff..... 


SorinceGirkanenaen ene 


1898—Only two varieties were sown, April 26 
and 27. Blount’s No. 16 yielded 3.8 bushels on 
packed ground; 4.60n unpacked. Defiance yielded 
5.1 bushels on packed ground, and 4.6 on unpacked 
ground. 

1899—No varieties tried. 


BROOM CORN. 


1894—F our varieties, California Golden, New 
Japanese, Dwarf and Imperial Evergreen, were 
sown May 10. Each produced from 400 to 450 
pounds of fodder. 

1895—Three varieties, The Missouri Ever- 
green, Tennesee, California Golden, were sown 
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May 23. About 800 pounds of good brush were 
obtained from the low ground. 

1896—The same three varieties were sown 
May 28. A little good brush was obtained. -All 
cut for fodder. 

1897—Eight varieties were sown May 18. The 
Missouri Evergreen and Tennessee produced good 
brush. The Dwarf was a failure. The Wisconsin, 
‘Early Japanese, Australian, Wilson’s Improved 
Evergreen and Dwarf Emerald produced medium 
brush of poor quality. 

1898—No broom corn was planted. A good 
yield of brush was obtained by those who did 
plant. 

1899—-No broom corn planted in Cheyenne 
county. 


MISCELLANEOUS FORAGE PLANTS. 


1894— None tried. 

1895—Avena flavescens, Holcus lanatus, and 
Bromus inermts, sown March 22. All blown out. 
Bromus untlotdes, Panicum virgatum, and Sergula 
maxima, sown May 6. Failure. Timothy and 
meadow fescue, sown May 13, did not grow. 
Bromus tnermts, sown June 6, was taken by grass- 
hoppers. Redtop (Agvostzs vulgaris), sown June 
20a eeatlunre: 

1896— Bromus tnermzts, sown May 2, did not 
grow. 

1897— Thirty-four varieties were sown May 2. 
Johnson grass was the only one that madea good 
stand. The others did not grow. The seed of all 
the other varieties, except the first five, came from 
Queensland, Australia. 


Bromus inermas, Bromus arenarius, 
Lolium tenue, triplex vesicaria, 
Lolium Italicum, Nntriplex mummularia, 
Arrhenatherum avernaceum, (Tall Sporobolus Virginicus, 
Meadow Oat), Tragus racemosa, 
Hsparsette, Perotis rara, 
Panicum simialatum, Pappophorum Nigricans. 
Panicum parviflorum, Dyeuxia Forsteri, 
Panicum Indicum, Paspalum Galmarra, 


Panicum Crus-galli, Hragrostis Brownii, 
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Panicum Prenticeanum, 
Nndrepogon erianthoides, 
Nnidropogon schenanthus, 
Mndropogon pertusus, 
Chrysopogon gryllus, 
Chrysopogon parviflorus, 
Leptochloa Chinensis, 
Pollinaria fulva, 


Nuthistrri ciliata, 

Nnthistiri avenaceae, 

Leersia hexandra, 

Nstrebla pectinata, 

Setaria macrostachya, 

Setaria glauca, 

Sorghum halpense (Johnson 
gress). 


1898—Johnson grass was winter killed. B2ro- 
mus imermts was sown April 30, and made a good 
stand. ; 

1899—Nearly all the Bromus tnermzts sown in 
1898 was killed by the dry weather; also that sown 
April 20 did not live through the dry weather. 
Agropyron cristatum, from Russia, sown April 20, 
proved a failure. 

POTATOES. 


1894—Four varieties, the Chicago Market, 
Negro, Mountain Sprout and Earlv Rose, were 
planted May 5. AJl proved a failure on account 
of drouth. 

1895—A better result was secured.  Vick’s 
Perfection, planted April 20, yielded 16.5 bushels; 
Mammoth Pearl, 32.5 bushels; Mammoth Prolific, 
36 bushels; and Late Ohio, 27.5 bushels. These 
were planted May 20. 

1896—The Early Ohio, Early Six Weeks, 
Early Kansas, King of the Earliest, were planted 
April 30. Vick’s Perfection, Mammoth Pearl, 
Mammoth Prolific and Late Ohio were planted 
May 22. Potato beetles took all except a small 
plat of Mammoth Pearl, which yielded 80 bushels. 

1897—Forty varieties were planted May 12 


and 13. The figures after the names give the 
number of bushels per acre obtained: 

MEP LAT LY EVORG erietereie) od ore 2.0) Ph Dep (Waiec ca cosouces 45.6 
3. HWarly 6-weeks.......... AG pe 40 Marly Wansas) enn 8.0 
5. Harly Thoroughbred....48.0 6. Ivish Daisy............ 38.0 
Dome ALIAS INOs Ler ceric 4839 * 8. Barly Vaughan... 2.0.7. 40.5 
Om Victor Rose 20 s5-7..6 0 41.0 10. Beauty of Beauties..... 57.0 
dilee@armaneNos 32.0 c0 sae OO Om Qe Snowilakeirrerr acer 56.8 
a3. Crown Jewell... «05.4. 4Vo 14> “Marly Kortune:.....-20. 62.3 
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15. Early Minnesota....... 46 2 16. Harly Montana........ 36.4 
17) King ofthe Marliest em .20) Omel CO. A}a xn eerie tetera 30.4 
19. Maggie Murphy........ 32.0 20. Karly Mreemanws.... PAM ef 
91. Boston Red............88.3 22. Bliss Triumph, or Stray 
23. American Wonder...... 26.9 Bealty.ccumiat (cero 
Ode LDAT Vest © 1Si0 Oem tr Ah OF 2a World’s Hautes. 22.3. 
26. Champion of ‘the World. a % 25. lroncladaiseecrrerer ree ocno 
QS Goode limes arene rates 19302957 100-Holdere an ieee oaere 
30. Early Beauty of He. 3L. New York Harly Rose. .38.2 
brome ae aenenriecee 19, 8232 "Reerless scp weet 16.1 
33. Lightuing Express..... 28.0 34. Extra Early Ohbio......36.5 
355, QuickuCropras seem ceetrs 25-0 MOO. me NC OOO peer eee eta nee 28.5 
Sigua Wibtel States sen cee 205-38). Obie Juniors see oOeU 
39. Burbank’s Seedling..... 29,0 (AO) = Birrba nike syem accents 42.0 


The first sixteen varieties mentioned in the 
list for 1897 were sown in 1808 

1898—The potatoes were all damaged by 
beetles. Only a few of the early varieties pro- 
duced any tubers. 

1899—Four varieties were sown April 209. 
The Early Beauty of Hebron and Carman Nos. 1 
and 3 were-failures.. The Early Ohio’yielded17 
bushels per acre. All were damaged by beetles. 
The Rural, Planted July 13, was taken by beetles. 


SWEET CORN. 


1894—Stowell’s Evergreen. and Early Crosby 
were planted May15. Norecord. Said to bean 
entire failure. 

1895—Stowell’s Evergreen planted May 24. 
No record. Said to be a failure on account of 
hail storm of ee 20; 

1896—Stowell’s Evergreen, White Cob Cory, 
Black Mexican and Country Gentleman planted 
May 2. All produced a few ears. 

1897—Eighteen varieties were planted May 11. 
All gave good yields. Those marked * did espec- 
‘ially well. The date after the name of the variety 
gives the time when edible ears were obtained. 


Wihite Coby Coryaee eee e- July 26 Black Mexican..........Aug. 5 
* Country Gentleman....Aug.2l * Egvptian.............Aug. 19 
Early Mionesota......... Ang. 11 Perry’ silly bridle eee Aug. 5 
SEEMS OheA leer ne eee tee Joly 26° * None Such... fo. saeen Aug. 19 
Shaker’s Barly Concord..Aug. 5 * Karly Bonanza........: Aug. 14 
Improved. Rubyeeceeeeers \ug.2L Northern Pedigree...... Aug. 5 
Birstiol “Alllig. eee Aug. 4—>Hacrly(Crosbys ose July 26 
Early A4dams............July 26 Early Marblehead....... July 26 


Moore’s Harly Corcord...Aug. 9 
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1898—The Mammoth and the first thirteen 
varieties of those given in 1897 were planted May 
18. Drouth affected affected all varieties badly. 
None produced large yields. The dates when 
edible corn was found were about the same as for 
the same varieties in 1896. The Mammoth gave 
edible ears August 20. 

1899— Egyptian, First of All, None Such, 
Mammoth, Everbearing and Metropolitan were 
planted May 17. The season was very unfavor- 
able. But few edible ears were produced by any 
variety. The location of the plats with regard to 
the amount of water they obtained, seemed to 
influence the yield more than the variety planted. 


GARDEN. 

1894—FE arly garden wasa failure. Late gar- 

den did well, but was badly damaged by insects, 
especially grasshoppers. 

1895— [he planting of March 22 was a failure on 
account of dry weather. That planted May 15 
produced a good stand, but was destroyed by 
grasshoppers and hail. That planted June 10 was 
destroyed by hail. Beans planted June 20 made a 
small crop. 

1896—Planted May 2. Onions and beets 
proved a failure. Peas, beans, lettuce, sweet corn 
and popcorn did fairly well. No early garden 
planted. Summer squashes did well. All pump- 
kins were taken by bugs. 


POPCORN. 


1894—95—None planted. 

1896—Queen’s Golden, White Pearl, White 
Rice and Red Jacket were tested, only a few hills 
of each variety being planted. Planted May 2. 
Each kind produced a few ears. 

1897-—The same varieties planted. Each pro- 
duced a good yield. 

1898—Queen’s Golden and White Pearl planted 
May 18, producing a small yield. 

1899—Queen’s Golden planted May 17. But 
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few ears were produced; some plats dried up 
entirely. 
RASPBERRIES. 


1894— Twelve each of the Gregg and Cuthbert 
were set. Tops entirely winter killed. 

1895—Tops all winter killed. 

1896—Tovs covered with stable manure—all 
winter killed. 

1897—Canes covered with straw and manure— 
all winter killed. 

1898—Bore a few berries on the new canes. 

1899—Canes which were covered with dirt 
lived and bore a few berries. Twelve each of 
Progress, Egyptian and Queen were set. None 
lived. 

DEWBERRY. 


The first trial was made in 1899. Fifty each 
of Lucretia and Mammoth were set. Of the first 
variety twenty lived; of the second five lived. 


GOOSEBERRIES. 


1894—Six Downings were set: all lived. 

1895— Twelve each of the Champion, Downing 
and Industry were set. No record of the location. 
Twelve lived. 

1896—A few berries were produced. 

1897—A small crop. 

1897—A heavy crop. 

1899—A small crop. In addition, ten each of 
the Houghton, Downing and Industry were set. 
Only three of the Houghton lived. 


BLACKBERRIES. 


1895— Three each of the Snyder and Wilson 
were set. None lived. 


STRAWBERRIES. 


1899— 350 were set; 20 lived. 
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CURRANTS. 


1894—Twelve of Fay’s Prolifie were set; all 
lived tlirough 1895. 

1895—Of the Red Dutch variety twelve were 
set; six lived. 

1896— Eleven lived. 

1897—All dead. 

1899—Five plants of each of the varieties 
named were set. Three of the first and four of 
the second lived. . 


DWARF JUNE BERRIES. 
1899— Twelve were set, of which ten lived. 


GRAPES. 


1894—Of the Concord, six were set; none 
lived. Clinton, six set; four lived. 

1895—Concord, six set; none lived. Clinton, 
three lived. Delaware, six set; four lived. Moore's 
ely and Worden, three of each were set; none 
ived. 

1896—Two of the Clinton and three of the 
Delaware are alive. 

1897—Two Clinton and three Delaware alive. 

1898—One Clinton and three Delaware alive. © 

1899—Three Delaware alive—one blossomed. 


FOREST TREES. 
White ash— 


1894—Fifteen set; all lived. 
1895—Fifty set; one died. 

1896—N one set; two died. 
1897—Planted May 13; a few grew. 
1899—Planted May 25; none grew. 


Russtan mulberry — 


1895— Twenty-five set; one died. 

1897—3,000 set; 2,000 lived. Some planted May 
13; none grew. 

1899—Planted May 26; none grew. 
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Black locust— 
1895—Fifty set; one died. 
1897--Planted May 13: one-half grew. Some 
to height of five feet. 
1899-——Planted May 26; only a few grew. 


Miscellaneous-— 
Hawthorn, Wild Black Cherry and Europ- 
ean Ash, Planted May 13, 1897, and May 


26, 1899; none grew. 
Of the Boxelder, planted the same dates, 


a few grew 1n 1897; none in I899. 
In 1899, 1,000 Honey Locust trees were set; 438 lived. 


100 Wild Black Chery “ os 17 lived. 
100 Catalpa ee ws 90 lived. 
10 Russian Wild Olive “ cs all lived. 


Of the Boxwood planted in 1899, none 
grew. A few of the Coffee bean grew. 
Apricots were taken by squirrels, in 1899. 
A few Honey and Yellow locust grew in 
1899. 
The following tree seeds were planted May 
26, but none grew: 


Mahaleb Cherry, Mazzard Cherry, 
Sycamore Maple, Norway Maple, 
Sassafras, Ailanthus, 
Catalpa, Buckthorn. 
American Apple, Black Walnut, 


Catalpa (speciosa). 
CHERRY TREES. 


Rocky Mountain Cherry— 


1894—'95——T welve set in each year. All lived. 
1896——-A small yield. 

1897—'98—A heavy crop. 

1899—-A small crop. 


Early Richmond— 


1894—-Six set. 

1895-— Twelve set; one died. 
1897-—A few cherries. 
1898—'99--A small crop. 
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Common Morello— 


1894—Six set; all lived. 
1898—'99—A few cherries. 
English Morello— 
1895—Twelve set; seven lived and bore a few 
fine cherries in 1899. 
1899—-Two each of three varieties were set. 


Dye House, one lived; Large Montmo- 
rency, one lived; Ostheim. two lived. 


Russian Apricoi— 


1895—Six set; none lived. 
1899——Twelve set; all lived. 


Dwarf pears—- 


1899—Two each of the Seckel, Anjou and 
Duchess were set; all lived. 


Crab apple— 


Five each of the Whitney and Martha were 
set in 1899. None of the first died. 


German prunes— 
Five set in 1899; none lived. 
Peach trees, budded— 


In 1899 five varieties were set: four Alexander, 
one lived; four Bailey’s Seedling, two 
lived; three Champion, all lived; four 
Bokhara, four lived; four Elberta, two 
lived. 


Plum trees— 


1894--Six each of the Weaver and the Minor 
set, of which three died. 
1895—-Vacancies filled and three seedling Pond 
set; two died. Three Saratoga set; one 
died. Twelve Wild Goose; six died. 
1896--No crop. No record of the location of 
previous year’s planting to be found. 
1897—-Blossoms on the older trees. In addi- 
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tion three Wolf were set; two lived. Three 
American Eagle and three Cheney were 
set; all lived. Three Rollingstone were 
set; two lived. These grew well in 1898 
and 1899. 

1898--A few plums. 

1899—A few plums on the 1899 trees. A few 
were on the 1895 planting, but none ma- 
tured. 


Apple trees— 


1894—Four each of the Wealthy, Duchess of 
Oldenburg and Ben Davis were set; all 
lived. Damaged by hail in 1895. Madea 
small growth in 1896 and 1897. Madea 
moderate growth in 1898. Seemed thrifty 
in 1899 

1895—Four varieties set. Twenty-five Ben 
Davis, of which 24 lived; 12 Utter’s Red, 9 
lived; 3 Missouri Pippin, 1 lived; 12 Geni- 
ton, t1 lived; 2 Romanite, 3 Belleflower, 
5s Grime’s Golden, 5 Red Astrachan; alk 
lived. These made a small growth in 
1896, and a moderate growth in 1897. In 
the latter year the trees in the northeast 
corner, where extra water runs in from 
the prairie, began to show a larger growth 
than those in the south west corner. 
Blossomed in 1898. The difference in the 
size of the trees in the northeast corner as 
compared with those in the southwest 
corner is still more marked. In 1899 one 
apple was matured. The trees in the 
northeast corner fully double the size of 
those of the same age in the southwest 
part of the orchard. 

1897—Four each of the Sweet Bough, Plumb’s 
Cider, Willow Twig and Mann were set. 
All lived. These were set very deep. In 
1898 all made a good growth, but started 
slowly. In 1899 some of the trees set in 
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1896 were as large as the trees near them 
which were set in 1895. 


MILLET. 


1896—F our varieties, Common, German, Hun- 
garian and Hog millet, were sown June 12. The 
first three were killed by dry weather. The last 
produced some seed and 16 pounds of hay. 

1897—Four varieties were sown May 26. The 
figures after the names give the number of pounds 
of hay per acre obtained from them: 


ear Common tes seit tee 3090 a2— German... pene ee 2290 

Smee LRU ATIAMHEy er ee S100 m4 HogeMilletsaen nce 2010 

DuELIT SO ites, 2. ort tere 2240 6. Common (Dakota grown 

em Califonnian.: 25.92% «ase 3130 SOC) Sak orm hen we scerscn 2310 

8. Golden Wonder........ LiS0e 9°) eMianitobasermat rae 1810 
HOR Marky El arvest,c.ie cee 20505 Mg Japanese ers. ere 12210 


1898—The first four varieties wer sown June 14 
and 16, producing a small amount of hay—soo, 300, 
600 and 400 pounds, respectively, per acre. 

1899—The same four varieties were planted 
May 31 and June 3, yielding 1,364, 0, 1,221 pounds, 
respectively, per acre. Seven other varieties were 
sown June 13, producing a small amount of hay 
and some seed. Golden Wonder produced 406 
pounds of hay; ripened seed. Manitoba, 232 
pounds of hay; Early Harvest, 406 pounds of hay; 
Japanese, 348 pounds hay; Russian (Salzer), 957 
pounds hay; Russian (U. S. Department of Agri- 
culture No. 2794), 406 pounds hay; Russian (U. S. 
Department of Agriculture No. 2960), no hay; 
ripened seed very early, but grew only one to three 
inches high. 

LEGUMES. 


Alfalfa— 


1894—Sown May 14, taken by grasshoppers. 
1895—Sown July 22, good stand. 
1896—Partl; killed. 

1897—Small crop of hay. 

1898—Small crop of hay. 
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1899—Plowed up to kill the grasshoppers. No 
crop. More was sown May 4, 1897; good 
stand. Yield one ton per acre in 1808. 
Some was sown May 20 1899—good stand. 


Turkestan alfalfa— 
Sown May 20, 1899; poor stand. 
Clovers-— 


The seed of White clover, Medium Red, Mam- 
moth, Crimson, and Alsike clovers was 
sown May 13, 1895. None germinated. 

In 1897 seed of the same varieties, and also of 
Sand clover, Japan clover, Medicago 
media, Medicago lupulina, and V2cza sativa, 
was sown May 2. None grew. 


Canada peas—— 


Sown April 8, 1895, taken by grasshoppers. 
Sown April 24, 1896, produced a small 
crop. Twelve varieties sown May 14, 1807, 
produced a small crop. Sown May 20, 
1898, produced a small crop. 


Sand vetch— 


Sown May 26, 1896; a poor stand, but good 
growth. This produced seed in 1897 and 
was destroyed in 1898. Another sowing 
was made May 14, 1897, producing about 
half a stand, but made good growth. 
Destroyed in 1898. Same sown May 20, 
1899--poor stand and small growth. 


Lupines— 
Three varieties were sown May 14, 1896. All 
were taken by grasshoppers. 
Cowpeas— 


Blackeyed (home-grown seed), was planted 
June 14, 1896; yield, two bushels. 1897, 
planted May 14; yield, 9.9 bushels. 1808, 
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planted April 20; yield, six bushels. Same 
variety, from Plant of St. Louis, planted 
Aprii 20, 1898; yield, a few ripe pods, The 
Whip-poor-will cowpeas, planted same 
date, gave a few ripe pods; and the Black 
cowpeas gave one and one-half bushels. 


Idaho peas — 4 


First planting May 14, 1897. Mostly taken by 
grasshoppers. Planted April 20, 1808, 
produced eleven bushels. Planted May 
23, 1899, taken by beetles. 


Beans— 


Navy beans, planted May 14, 1897; failure. 
Planted April 20, 1898; small yield. 
Planted May 23, 1899, taken by insects. 


Tree beans— 


Planted same dates as above (1897), yield 
large crop; taken by beetles in 1898; pro- 
duced four bushels in 1899. 


SORGHUMS. 


1894—F ive varieties were sown May 8 and og. 
White Kaffir corn produced 400 pounds of fodder 
per acre; Jerusalem corn, 455 pounds; White Milo 
maize, 390 pounds; large African millet, 375 pounds. 
Red Kaffir corn, no report. 

1895—White Katfir corn, sown June 14, gave 
3,000 pounds; Jerusalem corn, White Milo maize, 
Russian maize, and Egyptian Rice corn, sown May 
22, taken by grasshoppers. Early Amber cane, 
sown May 25, gave a large yield, but no estimate is 
found. 

1896—White African, sown June 3, gave 2,000 
pounds; White Milo maize and Red Kaffir corn, 
sown same date, gave 2,200 pounds. Egyptian Rice 
corn, sown same date, gave 1,800 pounds of fodder. 
‘The rest were sown May 26. Jerusalem corn, 
which was damaged by hail, gave 600 pounds of 
seed. Large African millet, no seed, fodder de- 
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stroyed by hail. Early Amber cane produced a 
little seed, and 2,500 pounds of fodder. Fodder 
cane, no seed. Brown Durra, 1,250 pounds of seed. 
Yellow Milo maize and Black Rice corn gave a 
little seed. Kaffircorn No. 39,some seed, but little 
fodder. The hailstorm of August. 21 cut most of 
the fodder off from the last five varieties, leaving 
only the stalks. 

1897—Seed was sown May 19, except one va- 
riety. The White and Red Kaffir corn, Large Afri- 
can millet, Early Orange cane, gave no seed. 
Yellow Milo maize, Black Rice corn, Kaffir corn 
No. 39 and Early Minnesota cane gave some seed. 
Jerusalem corn gave 750, and. Brown Durra, 850 
pounds of seed. The Early Amber cane, sown 
June 5, gave 5,600 pounds where sown on sod, 4,560 
pounds on old ground, and 6,000 pounds where 
drilled and cultivated. 

1898—Ten varieties were sown May 27. 
White Kaffir corn gave 6,720 pounds of fodder per 
acre. Red Kaffir corn, 5,320 pounds; Large Afri- 
can millet, 6,565 pounds of fodder; Jerusalem corn 
750 pounds of “seed: Early Amber (caneswomoc 
pounds of fodder; Brown Durra, 1,000 pounds of 
seed; Yellow Milo maize, 5,110 pounds of fodder; 
Black Rice corn, 4,970 pounds of fodder; Early 
Orange cane, 8,400 pounds fodder; Kaffir corn No. 
39, 600 pounds seed. 

1899—Sixteen varieties were sown from May 18 
to May 22, yielding as follow: Red Kaffir corn, 486 
pounds fodder; Early Amber cane, 1,032 pounds, 
some seed; Fodder cane, 924 pounds, no seed; 
Brown Durra, 300 pounds seed; Kaffir corn No. 30, 
some seed; Early Minnesota cane, some seed, 1,500 
pounds fodder; Early Orange cane, no seed, 1,512 
pounds fodder; Folger’s Early cane, 1,308 pounds 
fodder; White African cane. 780 pounds fodder; 
Collier cane, no seed, 756 pounds fodder; Coleman 
cane, no seed, 744 pounds fodder. 

Five varieties from the U. S. Department of 
Agriculture: Edgar cane (No. 2373), a little seed, 
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500 pounds of fodder. Variety No. 161 (No. 2,363), 
some seed, 1,000'pounds of fodder. Honey Dew 
(No. 2,367), some seed, 1,500 pounds of fodder. 
Folger’s Early (No. 2,291), no seed, 400 fodder. 
Chinese (No. 2,372), no seed, 200 pounds of fodder. 


MISCELLANEOUS WORK. 


1894-1895—No record of any work except the 
culture of crops. 

1896—Tested capillary rise of water in four 
types of soil. 

Examined soil of cultivated land by boring 
holes and making notes concerning character of 
soil found. Bored holes and noted strata in 280 
places on the northeastern 4o acres of the farm. 

Twelve rods of sod wall wind break was built. 

1897—Built solid board fence, continuing wall 
made of sod in 1896 until the two are twenty-two 
rods long. 

The work connected with variety tests of crops 
was so great that no scientific work was done. 

1898—Filled buckets with soil and_ placed 
them at different distances from the wall. These 
were weighed at intervals. Results were reported 
in the annual report for 1898. 

Eight galvanized-iron cans 52 inches deep and 
18 inches in diameter, were filled with soil for the 
purpose of testing the amount of water used by 
crops. Also, testing evaporation from different 
soils. It was found that too much work was 
already on hand to do this work properly. Two 
tanks 18 inches in diarneter and 52 inches deep, 
were filled with water. One shaded, the other 
left in the sun. Evaporation from the two has 
been reported. 

1899—About 16 acres of cultivated land was 
surveyed to determine the levels. Also the levels 
of the ravine were determined for the purpose of 
estimating probable cost and utility of dams. 
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APPENDIX TO REPORT OF METEOROLOGIST. 
R. E. Trimble, Observer, 


METEOROLOICAL OBSERVATIONS. 


The meteorological observations include ordi- 
nary weather observations, and a series bearing 
directly on agricultural meteorology. These in- 
clude eye readings, twice daily, of standard instru- 
ments, and records from a number of self-recording 
instruments, principally of the Richard pattern. 
These include a self-recording raingage, barograph, 
thermograph, psychrograph, statoscope, evapro- 
meter, anemograph, sunshine, recorder, etc. 

The year 1899 was one with temperature be- 
low the normal. “Che winter of 1898-’99 was one of 
unusually low temperatures. The month of Feb- 
ruary averaged 15° belowthe normal. For six- 
teen consecutive days the thermometer fell below 
zero. During the existence of our record the 
tempetature has been below —20° but seven times, 
never below —30°. But in February, for four con- 
secutive days—February 4-7—the temperature 
dropped below —3o0°, and again on the 1ith and 
12th. -On two days—February 6 and 12—it reached 
——38°. On February 2 and 11, the highest temper- 
ature of the day remained below zero. The ex- 
treme cold was trying on plant life especially, and 
the losses were unusual in amount. 

The year also furnished the greatest change 
in temperature observed in one day. Up to this 
year, the greatest range observed had been 56°, in 
February, 1895. On the morning of February 12, 
the minimum temperature was -~38.4°. During 
the afternoon it rose to +16°, and fell again to 
—I° by midnight; but rose to +37° by 6A M., on 
the 13th, or achange of 75° in twenty-four hours. 

The precipitation was not so unusual in 
amount, but a larger proportion than usual fell 
early in the winter, and the extreme cold per- 
mitted it to remain on the ground unmelted or 
unevaporated. The supply of water for irrigation 
was, therefore, unusual in amount with the streams 
of northern Colorado. On the headwaters of the 
Rio Grande it was deficient. 


AGRICULTURAL EXPERIMENT STATION, 


FORT COLLINS , COLO. 


SUNAISE| | 
9A 


DAILY SUNSHINE CHART | 


i 


{| 


i ; pill 
H 


Bilis dt 
a | i i i 


& 


&, 


“(Interference of Trees. 


EK TWELFTH ANNUAL REPORT 


Abie! 


98 


JUL.—DEG. 


OCT. 


DAILY SUNSHINE CHART 


FORT COLLINS.COLO. 
, 1898. ’ 


AGRICULTURAL EXPERIMENT STATION. Oo 


TABLE 1. 


SUMMARY FOR 1398 and 1899, AT AGRICULTURAL COLLEGE, FORT COLLINS, COLO. 
Latitude, 40° 34’; Longitude, 105° W from Greenwich; Elevation of Barometer, 4,994 ft; ground, 4,980 ft 


FOR 1898. 
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Jan....||25.6)/40.7/10.6)13.8)23.5|/61.5|-11.8 |30.1/47.4/12.4;20.2]| 24 31 |] 0.14 | 1.38 3 175.2/11.0/15].. 
Feb ...|/34.1]/50.6/17 .6/21.8/32.0}|63.7| 6.7 |33.0/48.0]19.6!26.7|| 12 28 || 0.08 83 2 (67.5/16.2/17].. 
March..,|/|32.7)|47 .9|17.5)/24.5/32.8]/66.3} -6.2 |30.4/48.9,21.9126.4]| 13 30 || 0.50 | 5.25 8 (62.6}15.2)/12).. 
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August |/69.9}/87.6/52.2/62.5/71.2//95.6]} 43.1 |85.5/49.2/56.0/57.9 0 0 |] 0.98 | 0 7 |59.0/50.6] 0/16 
Sept. .. |/58.6//78.3)38.8/47.5)57.1||90.2) 29.7 |89.4/55.5/42.2/46.8 0 2 || 0.50.) 0 4 |60.1|37.0| 2} 7 
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FOR 1899. 

| | 
Jan.. 24.7) /39.0)10.4/16.6)24.3)/55.0-16.8 /28.6/57.8 14.1/20.8]) 24 31 || 0.66 | 114 6 |70.2/10.6) 8].. 
Feb. ...}| 9.9'/25.3)-5.5) 1.6/10.6]/50.8/-38.4 /30.7 75.4) 0.8) 9.1 26 23 |) 1.04 | 14.0 | 11 (87.2) 2.4)14).. 
March .|/29.7,|41.6)17.9/24.2/29.9)|65.7|-24.5 |23.7)51.4/21.9/26.41] 17 29 || 1.50 | 19.8 | 11 |73.7)18.8)13].. 
April ..|/44.7|/60.5/28.9/40.3/47.8/|78.0) 8.0 |81.6)51.0/34.2)/37.4 4 20 |} 1.10 4.75) 6 |58.2/24.6/11).. 
ay... .//53.8)|/69.5/38.0/49.7/56.8]/82.5] 23.4 |31.6/45.6/43.4/45.1 0 41) 1.01 0 8 |53.2/34.6] 5] 3 
June... |/63.6)|79.8/47.4/60.0/66.8]/96.1! 36.4 |32.5/50.9)51.8/53.7 0 0 |) 1.08 0 9 |54.5]44.6} 1]14 
July. ..|/67.0//81.3}52.7/63.0/67.2|/94.0| 44°6 |28.6/49.0/57.5/59.6 0 0 || 4.95 0 13 |70.8|54.8)..|19 
August ||67.6)/84.2/51.9 62.3/67.0|/95.2| 89.7 |33.1/50.7/55.4|57.0 0 0 || 0.99 0) 7 (63.1 50.3] ..|16 
Sept... |/61.4//80.3/42.4/52.8/59.3)/94.6) 29.0 |37.9)52.6/46.5)/49.8 0 Soi 0.20 0 3 {60.8 41.6] 4/12 
Oet....| 46.1) /60.2/31.9/37.3/43.41/86.7} 23.7 |28.3/54.0/37.3/38.0 0 13 3.20 130} TOUTS TST She 
Nov....|/40.8]/56.6}24.9/29.1137 .4|/69.5} 15.0 )31.8/48.1/26.5/31.9 1 27 T MB 0 169.2,28.1) 6].. 
Dec. 27.7||42.6)12.7/19.8/24.3]/63.7/ -9.3 }29.9/51.2]17.3)20.9]| 23 31 || 0.47 6.0 3 |74.1)13.1)16].. 
Year... |/44.7//60.1/29.5/38.1/44.6|/96.1/-38.4 |30.7/75.4/83.9/37.5]) 95 |186 |/16.39 | 57.5 | 87 |66.9/29.1/86)64 

ie a % * 
Norm’! |/46.4 |62.1/31.7/39.4/46.0]/99.2/-38.4 |30.2/75.4/34.9/38.8]]...... Tonio cee Psaeaste 71.6/64.7/80.1).. 


* Extreme values. 
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TABLE 2. 
SUMMARY FOR 1888 and 1899, AT ARKANSAS VALLEY SUBSTATION, ROCKY FORD. 


Ww. F. OROWLEY. OBSERVER, JANUARY TO MARCH; H. H. GRIFFIN, FROM MARCH a1 


Latitude 39° 3’; Longitude 103° 45’; Elevation 4,160 feet. 


FOR 1898. 
| ae g|f | ale sis 
TEMPERATURE (IN DEGREES FAHRENHEIT) BN a, ELAS § |e S| > 
Bale lene >le |S ia | 
ce | 87 | S| eal elas 
8 ila o flog} |) Wet ideale es | 2 | sisal es of che 
= epailteoisiens =i iss % ||_Bulb || ee/ ec ao nm | 2/24 © 42s 
a BEES A] | F losrekllagisall a) og ISE.EE sa] q's is =| © 
Sy ee) RET | -|OR SaiiagiSall =) = i. Sia sl] Sa ~ Sy Be B| © 
v 4 s\ken| < A JSalQAlOoalea| 2] a ile elsol] HO ° 2 ie 2 /EIS| = 
2 [stale |e Selsalaeica|! = | o |i<mem) SB | 4 | A leis] oe 
Jan....}|27.6]42.6]12.7)17.2/27.7| 61) —10)}29.8] 47 |)15.8)24.7]| 20 | #1 40) 3.4] 1 (77.9)16.1)20/—| nw 
Tepes, 38.5/55.9121.1/29.0/39.8) 74] 12/1384.8) 52 |}24.7/83.0)| 4 | 27 0. Apes 0 |65.0)21.1 28\— n 
March..|/40.1/57.5/22.7/30.6)44.2] 74 2)/84.8] 58 |]26.5/34.8)) 4 | 27 cals fe 2 15139)18). 1129) sae 
April .. ||58.5/69.4137.6/46.0!55.5] 86! 23//31.8} 48 |/41.1/45.6]| O | 6 |} 1.06] 1. 6 |58.5/35.2| SI—| e 
ay ...||57.6/70.7/43.5/53.7.60.0] 90; 30})26.1) 42 |/49.2)61.7/| O} 1 2.71| 4. 10 |58.7)15.5)..)—|ene 
June 69.5/83.7/55.3/64.0)71.1] 99) 41//z8.4] 4u |/57.1/60.1)/ 0 | 0 Soh CO) 3 |62.€153.3/—) 6] e 
July 74.2)88.6]59.4)67.4)74.4) 99) 53)/29.6) 44 |/61.3/63.2)| 0 | 0 3.52) — 6 |65.2}57°6|—|11|_—e 
Aug 74.4)91.3]57.4/64 .6/74.2! 100) 52)/83.9) 43 |/59.0/63.31} 0 | 0 wei) 3 [55.¢}56.6)—|20) ne 
Sept... |/61.1'79.3142.9151.7/62.9! 96) 32//86.4) 50 |/46.8/53.1)| 0] 0 VERS | 4 |54.¢) 44.2) 1) 6) on 
Oct....||49.3)65.7/32.9/40.8)51.1} 90) 20//82.8) 48 |/386.0/42.3)| 0 | 16 (Cilia onde 4 |50.2]31.6].. nne 
Nov. 37.4/54.0/20.8)/26.4/36.3) 80) —21/88.1! 58 |/23.2/80.21) 10 | 26 387 25} 4 163.1]18.8). n 
Dec. 24.1/88.8] 9.4]/15.7)22.7) 64) -17)|29.4) 50 )}14.6/20.4)| 21 | 31 -96] 8 4 /71.7}12.4). nnw 
= esl — 
Avge 50.6/66.5/34.6|42.3/51.7] 100) -17||31.7) 58 |{37.9|43.5)| £9 |16.5|| 16.17] 17.65] 47 |64.6)/34.3 
FOR 1899. 
Jan....{]27-4/42.6]12.1/16.9]26.5| 61] -20,/30.5! 48 }|15.1/23.1]/ 18 | 30 |] 0.98! 8. | 3 |73.7/13.8/-|-1 n w 
Feb. ...||16.9 33.1] 0.6/-4.1] 9.3) 60) -32]|32.5| 52 ||-4 5] 7.7|| 22 | 28 || 0.55| 6.5 | 4 |88.3)-1.8 n 
March .}|40.2 57.6/22.7/28.9/41.7/ 82) 2//34.9] 52 |/25.4/34.11] 6 | 28 0.32) 4. 3 |60.0/20.7 nne 
April ..}/52.7/71.3)34.1/43.9)55.7| 87) 18//37.2: 56 |/37.1/41.9|] 0 | 13 0.28) 0.5 | 2 /44.7/26.4 ne 
ay. ...||62.0)79.0)45.0/55,3°65.8) 94) 32)/!134.0] 46 |/46.7/50.1]| 0] 0 OF99) ees 4 /46.7/35.8) 2) 4iwnw 
June. ..|/70.9/88.2)53.6/63.8)73.1) 105) 43)/384 6] 49 ||56.1157.6]/ 0 | 0 Davis hogs St 6 58.1/48.2)..]..] e 
July .. .||72.5/87.0/58.0/66.3/72.5| 102! 53|/29.0) 45 |\61.6/63.1/| 0} O || 7.001... 9 |71.1/58.5]..| 9] nw 
August ||73.7/90.8)56.6/65.5/75.9} 99) 45)|84.2] 51 |/58.7|/63.8!| O| 0 PAP MW G50.00 5 |61.4/55.8]..) 9 nne 
Sept .. .|/65.8 83.8/47.8/55.4166.5/ 99} 35//86.0) 54 |)50.4/56.3]] 0] 0 Uy OMe ob mae 5 (65.1/47.9]..110! ne 
Oct .. ..|]53.9)71.8136.0/44.4/54.9) 92] 22]/35.9] 54 |138.6/44.3]/ 0 | 10 0 63| omens 2 (54.6/32.2] 2)..) ne 
Nov. ...//43.9/59.3/28.5)22.5/44.2} 74) 19)/30.8] 49 ||30.6/38.41| 0 | 24 2140) oo cnere 4 |75.8)30.1 nnw 
Dec. 27.1/41.7/12.6)18.3}25.2} 66} -20//29.1) 49 |/17.0/22.8]| 22 | 31 0.98) 13. 3 |81.0}16.3 nw 
Pa rs ——s ied 
Av... .{/50.6)67.2/34.0/40.6|50.9] 105) -82)/33.2) 56 | 36.0/41.9]| 68 |164 |] 18.56] 20.0 | 50 |64.2132.0 n 
Norm’] }/51.4)68.3]85.0/42.7)52.6]....]....]183.1 +++ 1)38.9)45.3 seeepeee-{] 13.76)...... 38.8/67.3/36.8)..)..]...... 


* Hxtreme values. 


AGRICULTURAL EXPERIMENT STATION. I 


TABLE 3. 
SUMMARY FOR PLAINS SUBSTATION, CHEYENNE WELLS, J. E. PAYNE, OBSERVER. 
Latitude 88° 50°; Longitude 102° 20’; Elevution 4273 Feet. 
FOR 1898. 


a , ‘shes 
“4 i Q =I 
: . yy > a lic Bi 2] se 
TEMPERATURE (DEGREES FAHRENHEIT) dl as elie, || ie ors a/ = 
| set Sela lee ee 
SA WS Wea oo NS Sl Se) 
cal oaled| | SE || [al] Wet flarljesill sv] 9 JESS SS S| = 
s)/ SS) %=) 3) s BS lleagi2e|| Bulb |/ss3)5e]/ == | A | s IES) 3 liz Si] @ | a 
Arie & e | SA Sglaea TSE lao r3 RWS Au ce c 
Sullewies! =<) 4) oa) aa |2eise] ge allele citem |e | 2 Iie re Sas 
QRS KBs ee eH A Senses a all Sia) om = Sie zB peace ||| ee ‘S 
Sy Ella Slats - = Oe ees exes See bee CO band eu — eee ese. 7] aS > = 
E)| S| = pecan aes i <| Alam lSel! Bo a Ze} A zea cy |) (el 
| | lf | i oi — |— ]} /— -— | |-— — 
28.9) /43.3 14.5/21.8'25.6 | 69.2 | 0.0 |/28.8|50.5]/19.0/21.4]| 20 | 31 08 | .25 | 1 | 64.1/12.0)//14)/—-]| 3 on n 
35.0) /52.2/17.8/26.7/31.3]| 70.4 | 4.2 |/34.4)53.8]122.5/24.6]] 9 | 28 |] .co | 0 0 | 52.5)10.8!] 7I—}| 2.6 wn 
35.7/152.9!18.5|28.7 84.7 | 72.0 |-12.0 |/34.4/53.2/124.4/28.3]1 8 | 30 61 | 2.00 | 2 | 5Y9.4115.3]) 4I—]] 4.7.w n 
49.1)/64.3/34.0/46.1/50.0|} 83.6 | 18.6 |/80.8/4n.2]/39.8/40.4/] 1 | 12 || 1.10 } 1. 5 |55.7/30.8]] 2} 1! 4.0! se 
55.3]/67.3/43.4/51.8/54.3/) 89.0 | 31.0 |/23.9/12.8]/47.4]48.9]] o | 3 || 5.56 | 3. 12 |/75.0)44.1/]14} 1}] 5.5) 0 « 
67.8 eee pt 0108.7) 97.0 | 39.4 3/39.2]/58.0}30.61] O | O || 3.95 | — 6 |/67.0/54.8}|—| 8 Lifes 
72.8||86.7/59.0\7U.7/73.2|| 97.2 | 51.8 -7/43.2]/61.2/58.1]} Of 0 ff 2.99 | = 5 //58.1/51.5]1—| 5}] 4.0) se 
73.7|189.2|58.2169.3/73.3'| 97.5 | 52.0 ||31.1]40-3|/60-2]0-411 0 | 0 |] 1.33 | — | 5 |'57-6/58:8l|—] al 271s 
62.2//78.4/45.955.U/61.2!| 95.2 | 31.6 |/32.5/46.0)/47.8/50.3]// O | 2 |] 2.00] 5.10] 5 [/60 0140.91] 3] 8]| 2.6ws 
47.0||62.6/31 4/30.9)24..4) 89.0 | 19.0 -2/45.8)/35.7/37.5]] 0 | 21 || 0.48 | 1.85 | 3 //61.6128.8/) 9/—]] 2.6 no 
Y. 24.5|| 75.6 |-12.0 -6/47.4]/22.4/25.1]| 14 | 28 |] 0.50 | 2.16 | 3 ||69.6/17.1/]14/—|| 3.83wn 
20.3}| 67.6 |-17.4 -6/47.6]/16.3/17.7]] 22 | 31 48 | 2.70] 8 |/74.9)11.7;/20/—]] 3.8 n 1 
| | | | 1 
et -j—| 
48.9}/64.0/33.9/43 Ba 3 97.5 |-17.4 |/30.1/53.8]/37.9/39.4]| 74 |186 |]18.13 |18.06 | 50 |63.0/31.U]|74/29]| 3.6 wn 
eae) | ! | a 
— | | | las 
See lance Beceeat eos s | | aneeta leet leer eae | eee ee ne 
FOR 1899. 
25.4|/42.0|10.7|18.2|23.8|| 60.6 |-16.8 ||31.3/45.6||16.6/20.9|| 20 | 31 || 0.47 | 4.2 4 |/76.9]14.1]/13]..]] 4.2lws 
14.9//28.5) 1.3] 9.1/18.1]) 58.6 |-26.4 |/27.2/53°6]| 8.2/11.7]| 23 | 28 || 0.36 | 2.95 | 4 |/84.7| 7.0/] 8)..]) 4.6}wn 
34.9) /50.1)19.9}27.2/32.4|| 76.4 | 5.6 |/80.0/51.0//24.7/28.1]| 12 | 29 || 0.39 | 3.0 8 |/71.8)20.4|| 8)..]/ 4.9) nv 
49.5) )67 .4/32.2/45.7/50.4!| 83.4 | 15.2 ||85.2/50.8]/37.7/39.1|| U | 16 || 0.08 | W 1 /46.4/24.4// Z| 1] 4.1) Be 
D9.5}|75.8/43.3/56 6/60.6/) 90.8 | 26.4 |/32.5/53.6)/48.0/48.2]/ 0] 3 || 2.88 ]..... 5 |/51.2/87.1]{ 1] 3]] 8.2) se 
§8.8//85.0/52.6/65.5/69.1//102.4 | 39.0 |/32.4/49.4//56.2/55.4]] 0} O || 1.89 ]...... 6 |/54.0/46.8}|..] 5]] 4.1) se 
71.9} |85.1/58.6/68.3/71.4)| 98.6 | 57.8 |/26.6/39.6)|52.6/62.7// O | O |] 8.67 ]...... 11 |/70.5/58.9/|..] 9]] 4.8] se 
15.6) |91.5]59.8/71.4/76.8//1U1.0 | 50.5 |/81.8/45 6//59.6/59.9)/ 0 | 0 || 0.55 3,/47.8)50.4])..| 2|| 2.3) se 
36.3) /83.0)49.6/61.5)65.7)/1U1.6 | 82.0 |/88.3/47.8//52.7/58.9)| 0 | 0} U.78 |...... 3 ||56.0/45.3]/ 1] 2] 2.7) 8 
58.4/69.1)37.2/46.7'52.2!) 93.2 | 25.6 |/32.4;45.2)41.2)44.8)! 0) 7 Lee cts 0 |/63.3185.9)) 2)..]) 38.2) nv 
£34 /)57 .9/28.9/34.6}43.7|| 71.0 | 4.0 ||29.u/54.0//31.8/38.8]/ 1 | 20 |{ 2.49 |...... 3 //72.9}30.4)| 8]..)| 3.6) nv 
28 .1)/38.3)17.9)23.1|26.5]| 62 6 | O 8 |/20.4/41.0)/21.7/25.3]] 21 | 29 |] 0.55 | 4.0 | 3 |/86.5/21.1]| 6)../) 4.3)wo 
| | 
— } i> = a | i = pres e 
19.4) /64.5/34.3/44.0/48.8]/102.4 |-26.4 |/80.2'54.0//38.4/40.7/] 77 |163 |/14.06 |...... 46 ||65.2]32.6]/49]22]| 3.8] 8 v 
50.0} (65.0/35.1/44.5/49.0)]......].....- 29.8 ....|/BO.4/41.7|]....)...-//15.55 |... --/43.9)/67 4/844) |). fee 
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TABLE 4. . 


SUMMARY AT MR. CARLYLE LAMB’S AT THE BASE OF LONG’S PEAK, 
ESTES PARK P. O., COLO. ELEVATION 9,000 FEET, APPROX. 


FOR 1898. 
3 No. ot 
OR & | 8 | ge |Se/22| = |gelge/2el| a5 | Ze 8h 
| g2| 8= | $= [S=/g=| 2 (8 [Seis] S41 8° |Z 
siia |4i@ia|s is |Ssseia ja ia 
January..... weecat| 20.0) 1) 825 Fat WaGni-oke eke Galatea eed | 0.40 5 4 
February .....-..|| 23.8 | 88.4 | 15.8 | 52 | 0 | 23.0 | 89 | 20 | 28 0.45 9 B 
March...........-|| 23.6 | 35.1 | 12.0 | 52 |-14 | 28.1 | 41 | 25 | 31 | 6.59 | 13.25) 8 
PANO REL Cu. ratsea nore tine 56.3 || 49.8928 85) 67 0 | 26.0 |.52 By Heeayy FLCZBy ya le/ D 
Mavicuat cee ace 38.4] 49.7 | 27.2 1 6L 8 | 22 5-)-36 Tied | 1.82 } 17.75) 10 
JUMO aw wate dees ys 50.5 | 64.2 | 36.7 179 | 28 | 27.5 | 46 0 6 1 2.06 4 5 
lyse Ones Hero G 53.4 | 65.4 | 41.8 | 73 | 8£ | 24.1 | 36 0 ON 2.0L _— 7 
ATI PUBUiiae es eiee 56.6 | 71.8 | 41.5 | 8£ | 33 | 80.8 | 48 0 0 1.53 0. 8 
September....... 50.4 | 66.0 | 35.2 | 78 | 2b 30.5 | 46 1 | 10 || 0.81 1 2 
Octobernuctccrc 88.5 | 50.3 | 26.6 | Gb: £8) 19230) 1543 6 | 20 | 0.60 135 3 
November....... 27.2 | 86.8 | 16.9 | 57 |-12 | 20.0 | 54 | 15 | 21 || 1.60 | 28 4 
December ....... 20.0 | 31.7 8.4 | Bl |-24 | 23.4 | 51 | 28 | 31 | 0.60 9 3 
| | 

RVGaBeg ave cwacnmee 36.8 | 49.2 | 24.3 | 81 |-24 | 24.8 | 54 J13L [222 |15.13 |106.5 | 59 


FOR 1899. 
January.......... 21.7 | 30.9 | 12.6 | 46 |-7 | 18.3 | 44 | 28 | 31 |] 0.52| 7% | 5 
February........ 15.4 | 23.9 | 7.0 | 43 |-31 | 17.0 | 44 | 26 | 28 || 1.05 | 16% | 10 
March........... 23.8 | 83.6 | 14.0 | 54 |-22 | 19.6 | 43 | 24 | 28 || 2.97 | 393% | 11 
April 35.4 | 46.6 | 24.3 | 60 |- 1 | 22.3 | 36 | 8 | 24 || 1.10 | 18%] 6 
Maye eee 41,9 | 54.6 | 20.2165 | 17 | 25.5/36| 2} 21] 0.38] 5 4 
Lan Oa eee 50.2 | 64.3 | 36.0) 79 | 22 | 28.3] 44/ 0] 9 |] 1.09) x] 6 
LU ye eee ae 54.6 | 68.7 | 40.6 | 78 (37 | 28.1 | 40| 0| 0 |] 3.32 16 
August .......... 56.0 | 69.9 | 42.0 | 79 | 92 | 27.9 | 38 | 0 0 | leas 8 
September....... DLO OMG eS. a Se me Cn leSoeoale a UnmmOM mmr an Medi 1 
October.......... 37.8 | 49.1 | 25.5 | 69| 8 | 23.6 | 421 6 | 26 || 2.31 | 29 8 
November. ......|| 85.1 | 47.2 | 23.0 | 59 | 6 | 24.2'| 44 | 10 | 25 | os J) 6] 4 
December........ | 25.5 | ‘387.2 } 18-8 | 55 |- 9 | 23.8 | 52 | 28 | 28 || 0.62 | 11% 4 
Year.............|] 87-4 | 49.5 | 25.8 | 82 |-81 | 24.2 | 52 |127 [227 |[15.28 [123 | 80 
Normal.......... | 87.5 | 49.6 | 25.4 | 85 |-31 | 24.2 | 54 ]126 |22) ||17.86 68 
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TABLE 5. 
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SUMMARY AT MR. GEO. A. BARNES’, PINKHAMPTON, NORTH PARK, 
COLO. ELEVATiON 8,400 FEEL, 


FOR 1898. 
co) raal.te 
| tw lla aioe 
ete | lig/ifeigell & : 
Seeere-featec|] ob ita | ero ea) tae 
MONTH Hert) B& og| BF || @ | 2 a | 8 BB) es a | 3 Se 
as) ee lRalag ll2| sila] liaxacl & | B IZA 
i Sali sesul pare ran sles a] <2 || oles S 5 : 
| > > pr ilies | o || ©] A llogiosl & = WC 
| <q |q [a Sia llalo llaciasil a Rn |Z 
|_| 
January .......||10.3] 3.9 |29.8] 16°7 || 48 |-25 |26.0] 47 || 31} 31 || .45 | 4.5 | 5 
February ...... }/21.8] 16.2 188.8] £7.4 |] 54 ioe 12.3] 46 || 26 | 28 52 | 5.25 | 4 
MMA Chice.<ichs +22 15.3 |37.1] 26.0 || 55 |-10 |/22.9] 45 || 31 | 31 || 1.30 |18. 9 
EE Sa 
1 2. Min. Max } 
Aprilwe onc. .5| 28.8 56.2 |) 75 1 Sai/27. 4150 Here | AO ais 330 5 
| 
May... |47.5| 26.3 58.6°|| 78 | 16 ||22.3] 42 || 0| 8 |} 2.10) — | 12 
elrimarey ves ve .4| 44.0 76.8 || 90 | 32 ||32.8] 44 || 0] O || 0.66 | 5. 6 
Siti ik? oe eee | .8) 49.9 81.6 |} 94 | 40 |/31.8] 48 || 0} O | 0.50) — 
ATEEIAG Sac na2 64.0) 46.4 81.5 || 90 | 37 |/35.2| 52 || 0} © || 0.82) — | 10 
| | 
September..... : 33.3 73.6 |] 92 | 20 |/40.4! 62 || 0} 11 || 0.15] 0.5 | 2 
October .......|/88.2 26.8 49.6 || 72 | 8 |/22.8] 50 || 5 | 22 || 1.51 [18. 6 
November...... }26.4) 15.6 |. 37.2 || 70 |-12 |/28.1} 48 || 20 | 24 |] 2.10 |21. 6 
December .....|) bs 24.7 || 54 |-27 ||28.0] 38 || 29 | 31 || 1.50 |15. 3 
ViGarme ters PcOT SOUT ewes sas wasiiet 94 |-27 ||26.7] 62 |]144 |204 |/11.94 177.25 | 74 
FOR 1899. 
2g A d 
=} ee 
g| 8] | &] gs} & 4 ia|s » 
a 5 B loeiioe| & Oe | Papell) > te) aes 
MONTH Pl of | o8 [SE28) © |\ZolBRl aR) & a |b« 
S obs Ma | Seo) oe = ® Ow] © Eo) sy a Sp 
ae) sa hes iecies! ¢ |egiBAsi 3 | eas 
ce | ta | SS |2alSa| S [Paissics] & | 8 Is 
= < «a |¢4 id ae Io lai) n |G 
January ......... 21.8 | 30.0 | 13.6 | 46 |-12 | 16.4 | 86 | 28 | 81 | 3.33) 50 | 12 
February........ 19.1 | 29.7| 8.6 | 53 |-42 | 21.1 | 50 | 28 | 28] 3.60 | 54 | 14 
Marchiat faces 2: 30.8 | 41.6 | 20.2 | 62 |-15 | 21.4 | 54.117 | 26 | 2.60] 39 | 10 
April 40.1 | 56.1 | 24.2 | 76 | 4 | 31.9 | 56 | 5 | 26] 1.60] 24 | 10 
IW Ex peetene See Mone 46.7 | 58.0 | 85.4 | 72 | 16 | 22.6 |-86 |) 2) 710.27) 2 | 8 
June 56.6 | 71.1 | 42.0 | 90 |.80-| 20.1 | 46.) 0 | 1] 0.60]... .. 8 
yl yee ee ne eas 64.3 | 79.7 | 48.8 | 91 | 40 | 30.8 | 48 | 0] 0] 1.18 ]...... 13 
IMI GTIStNSE eet at 60.4 | 77°2 | 43.5 | 86 | 28 | 33.7] 48 | 0] 1] 0.91 ]...... 8 
September ......|| 54.6 | 74.2 | 34.9 | 88 | 26 | 39.3] 52] 0] 9] 0.80]...... 3 
October ........- 41.8 | 53.2 | 20.4.) 76 | 16 | 23.8 | 56 | 1] 18] 8.00 ]...... 5 
November....... Soda Sah: | ekeS Ok Wet, leek 2) | 4a Gs 20 em eens 0 
Decembsr....... || 19.1 | 28.7 | 9.4 | 44 |=28 |.19.4 | 40 | 20 | 30] 1.17 | 17%] 5 
| — 
Average .......-. 40,9 | 54.0 | 27.9 | OL |-42 | 26.1 | 56 |L1L |197 118.65 | 186%4] 91 


Precipitation in winter months deduced from snowfall. 
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TABLE 6.. 


SUMMARY AT GLENEYRE P. O., MRS. F. W. SHERWOOD, OBSERVER. 
NEAR HBAD OF THE LARAMIE RIVER, ELEVATION 8,000 FERT. 


FOR 1898. 
=: = : z 
; a Ee 5 ot G 8 8 > 
6 lela JSS) 8 | B41. Soe g tee leclanls eee 
MONTH |B g/Fe/Selat| & |S |Se(5 2) |2 (/Zslaplas| & [So 
sala sla el = | (Salgal 8 (sal sS/es(s7) 8 |e 
Ble e238) 2/2 laalas| = Sa2eAsla | a 2 
JAMUALYe sr es 10.9/25.9]16.4|15.5/26.7| 4.3] 44 |-22 |22.5) 47 | 29 | 31 4 2 
February...... ||21.2/38.6/23.1125.4/35.6/15.1) 49 |- 2 |20.5! 35 | 20 | °8 | eles 
Mar chi ater 17.38/32. 2|20.6|23.0/34.7/11.3] 50 |-13 |23.4) 42 | 27 | 31 20) 8 
IN GU ops spond 30.6/49.1/34.0/39.2/53.8 24.6} 73 | 3 !29.2) 48] 4 | 26 L630 
May.,........+- |/38.0/54.7|/38.2/44.4157.9/31.0] 80 | 10 |26.9) 43 2| 14 10 6 
Aisha\es agen aeceen 50.9|71.8/50.0/56.9/74.3/39.5| 90 | 28 |34.8) 52 | Of} 7 | .70| T 7 
UML Y stejerasreeniaee 55 .9|76.0153.1|61.5/80.3/42.7| 90 | 84 (37.6) 52] 0} O} .70} —| 5 
CU DUS Gelert 52.4/75.9/52.5/60.4|78.2/42.5) 88 | 34 |35.7| 49 0 0 ~— 
September .... |/44.9/67.0|39.6/50.6/70.3|30.8) 8L | 18 39.5) 54 0 | 15 5 3 
October ....... |/31.8}48.3]28.8/36.8/50.5}23-2}. 69 5 |27.3] 48 8 | 26 19 7 
November..... 18.1/35.8]19.4/23.9]37.3/10.5) 59 |-11 26.8] 42 | 22 | 28 12 4 
December ..... Fei Re (|e et neal ses) aetned baer leat ome Moeillinaac!| acne jascc||aon. 
NV Garncy ent 
FOR 1899. 
JADURLY aes ese 
February...... 
Marehtacecsencai 
AIPA Rowe cscs 
May nee 
PRD ECKe nares ccs 48 6/65. 9/46 .6)54.9]73.7/36.1) 97 | 22 |37.6] 60 | 0} 6 /1.00 15 
diel bis cacqeeoss 54.0)71.7)50.8}59.5)77.1/42.6] 94 | 35 135.2] 49 | 07} O 11.00 Db 
AWEUStie sence 51.5}72.4150.5/59.1)78.4|39.7] 87 | 25 |388.7| 55 0 4 50 ) 
September..... 42.8)70.5)44.9/53.3}84.6/31.9) 90 | 20 |42.7) 57 | 0 | 15 | T 0 
October ....... |/31.4/4£7.0/81.0/26.9]49.7/24.1) 71 | 4 |25.6] 53 | 11 | 26 |2.53] 38] 8 
November ..... 26 .6/45.7/29.3)33.8/47.6/20.1] 63 | 7 }27.5| 48 | 10 | 29 10.40) 4] 2 
December ..... 12.9|25.5]15.1]16.6|28.9) 6.3] 44 |-19 |20.6] 36 | 30 | 31 |2.90] 29 | 10 
Average....... 


The precipitation and stormy days are partly estimated. 
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TABLE 7. 


WEEKLY MEANS OF SOIL TEMPERATURES SET A. IN AN IRRIGATED PLAT 
NEAR THE COLLEGE BUILDING. IN DEGREES FAHRENHEIT. 


FOR 1898. 
DEPYH DEPTH 
Week : Week =o 
LG ist Ga ns, | Ending 
S 2. | Gan. PORE a ft 8 £616 Bt. Sin. Gin. | Tifte | 2ette iS hte tt. 


Jan. 8.| 29.69] 30.04) 31.40) 34°96] 38.93] 48.23 July 9.| 73.69) 73.06] 72.42 | 68.80/6 6.21] 58.67 
“ 15.) 28.22) 29.08) 30.94) 34.66] 38.50] 47.44)! ‘* 16.) 75.83! 75.39] 74.19) 70.26] 67.44] 59.80 
“ 22.) 27.21) 28.12) 29.91! 33.88] 87.82] 46.70]| ‘* 23.| 76.97) 76.89) 76.11] 72.28] 69.16] 61.01 

ats 29.) 26.44| 27.28) 29.18) 33.29] 87.19] 45.91]| ‘ 30.| 76.84] 76.78! 76.141 72.69] 70.03] 62.114 

Feb. 5.| 28.47) 29.02) 30.11) 33.05} 36.65) 45.41|/Aug. 6.) 72.51] 72.97! 73.25 | 71.66} 69.96] 62.95 

68.82} 63.33 
“ 19.| 31.56] 31.49) 31°66) 33.36] 36.50] 44.14|| ‘* 20.) 74.23}-74.15| 73.32 | 70.74] 69.08) 63.52 
* 26.| 30.86) 31.07) 31.66] 33.73] 36.70] 43.80]/ ‘* 27.| 74.88] 75.04) 74.89] 71.79) 69.97] 63.93 

March5| 32.42) 32.23) 32.59) 84.48] 87.22] 43.59]|Sept.3.) 73.41} 74.15) 73.95 | 71.92) 70.34] 64.49 
Soak. 33.82, 34.40| 35.10} 36.81] 38.53| 43.67|/ ‘* 10.) 64.10} 65.31] 67.98 | 69.11] 69.05 "64.64 


w 
wo 
oS 
lo 2) 
x 
wo 
4 
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|e 
oo 
— 
oo 
So 
oo 
oo 
(=) 
on 
wo 
a 
on 
rae 
~ 
~~ 
for) 
rs 
be 
ww 
~ 
So 
ot 
i) 
c=) 
ioe) 
=) 
ou 
Ss 
-~I 
G 
~ 
Ta 


** 19] 35.00) 35.41) 35.74] 36.85] 38.96] 43.86] °' 17.| 58.58) 60.24) 61.04] 63.78] 65.06) Bro- 


26] 85.23) 35.91) 36.19] 37.27) 39.31] 43.90|] ** 24.) 63.16] 64.08) 64.14) 63.91) 64.03 iia 
April 2| 37.51| 37°93] 37.76| 38.27] 39.86| 43.99||Oct. 1.| 62.26] 63.49| 63.98 | 63.84] 63.95]...... 
*s 9} 41.89) 41.50] 41.23] 40.49] 41.19] 44.06]} ‘* 8.| 56.38} 58.54] 60.04) 61.60] 62.72!...... 
“ 16] 50.60] 49.88] 48.18] 44.99] 44.10] 43.92/| ‘* 15.) 54.54] 56.46) 57.77] 59.29] 60.71]...... 
“* 23) 52.89) 52.79] 52.07| 49.85] 47.74| 45°18/| ‘* 22.| 43.66] 49.85) 49.66 | 54.46) 57.56]...... 
30] 55.70| 55.81| 54.64 51.46] 49.81| 46.81|| ** 29.) 44.59] 45.39] 49.09 51.08] 54.02|...... 


* 21.) 51.75] 51.84) 51.67] 50.47] 49.94] 48.56]/ ‘* 19.) 34.44) 35.26) 38.24] 42.77] 47.14)...... 
** 98.| 59.97] 58.79] 57.54) 58.81] 52.01] 49.45] ‘* 26.) 32.69] 34.96) 37.26} 41.42) 45.12)...... 
June 4.| 63.49] 63.16] 61.99] 57.90) 55.42] 50.86|/Dec. 3.) 31.67) 338-36} 35.23) 39.18) 43.07)...... 


*© 11.| 60.97] 60.93] 60.47) 58.18] 56.79] 52.38|| ‘* 10.] 26.01) 28.82) 31.60) 36.86] 41.21)...... 


** 18.| 66.62] 65.05] 64.92] 60.92] 58.40] 58.64|| ‘* 17.| 25.52] 27-26) 29.15] 34.29] 38.94 
© 95.| 73.00) 72.46] 71.16] 66.06] 62.54] 55.14|| ** 24.| 27.22] 28.58 29.79) 33.56) 37.63] .....- 
July 2.) 74.68) 74.21] 73.54] 68.99] 65.32) 57.04|| “* 31.| 27.90] 28-97] 30.16] 33.41) 37.06]...... 
Ayana: 49.15| 49.84) 50.31] 50.73) 51.63} 51.47 


* Average 6 days. 

This set was in grass plat east of railroad until April 9, when removed to point a few rods 
west of railroad and south of driveway. ‘he iatter place has a slight inclination to the south 
and at first the surface was bare. 
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TABLE 8. 

WEEKLY MEANS OF SOIL TEMPERATURES, SET A. IN DEGREES 

FAHRENHEIT. 

FOR 1899. 
DEPTH DEPTH 

Week Week 
ies Zin. |6in. | 1 ft. | 2 ft. | 3 ft. age 3in.|6in. | 1 ft. | 2 ft. | 3 ft. 
Jan. 7...| 23.98] 26.41] 28.41! 32.87] 36.54||July 8...| 66.83] 68.26] 68.46) 67.01) 65.43 
*  14..| 24.20] 26.25! 27.80] 31.78] 35.64]| ‘* 15..| 67.75] 69.10! 69.16] 67.03) 65.58 
‘© 94..| 28.97] 29.53} 30.01) 31.77} 35.19]| ‘* 22..) 69.41) 70.36) 69.85} 67.26) 65.84 
“© 98..| 29.54] 30.36] 30.74| 32.10} 35.09]| ‘* 29..| 70.64] 71.67| 71.35] 68.72] 66.85 
Feb. 4 26.01) 27.64) 29.19} 32.28) 35.22|/Aug. 5 68.21} 69.27| 69.13) 67.64| 66.68 
*  41..| 22.38] 24.10} 26.56) 81.58) 34.84]/ ‘* 12..| 67.13] 68.65] 68.71] 67.29) 66.44 
‘© 18..| 25.37] 26.51! 27.85) 31.02] 34.25]/ ‘© 19..| 67.32) 68°54/ 68.46} 66.99) 66.25 
© 95..| 27.63] 28.83] 29.76] 31.34) 34.04)| ‘* 26..| 66.46] 67.26] 67.45] 66.51) 66.06 
March4..| 28.85} 29.60) 29.98] 31.34] 34.00)|/Sept. 2...) 67.24] 68.25) 68.19) 66.67! 66.01 
“© AL..| 81.71) 31.47) 31.45] 81.67) 84.11]/ “* 9...} 66.11) 67.61) 67.81) 66.71) 66.16 
** 18..| 31.15] 31.88] 31.74] 31.86] 34.24]| “ 16..| 61.96] 64.20] 65.18) 65.29) 65.52 
“ -25..| 34.59] 34.35) 33.49) 32.94) 34.84 * 28..| 58.21] 60.82) 61.89) 62.91} 63.89 
April 1,.| 31.94) 33.08) 33.98] 35.24] 36.78|} ‘* 30..| 57.34} 60.14) 61.24) 62.01) 62.82 
*  8..| 84.97) 85.41) 85.27] 85.34) 36.86)|Oct. 7 53.34) 56.66] 58.31] 60.04] 61.49 
“-15..| 46.06] 45.45) 43.64) 39.99) 39.57]| ‘* 14..| 48.61] 51.46) 53.92) 57.06} 59.19 
“  22..) 48.91} 49.82) 47.93) 44.82) 48.71]| “* 21..| 44.25) 46.77] 48.53] 52.49] 55.79 
“*  29..| 54.18) 57.19} 53.34] 49.44) 47.15)| **  28..| 44.91) 47 24) 48.74) 51.42) 58.81 
May 6. 48.16) 49.06) 49.04) 48.17) 48.08||Nov. 4...| 40.75] 43.06] 45.09) 48.94] 51.98 
“ -13..| 55.06] 54.94) 58.56] 40.25) 48.95]} ** uu. 40.26| 42.35] 43.85) 46.938) 49.99 
*  20..| 58.84) 59.01) 58.03} 54.39] 52.15)| “ 18..| 39.54] 41.56] 43.16] 45.99] 48.89 
*  27..| 58.31) 58.67) 58.08] 55.44] 53.85 * 25..| 85.85] 38.41) 40.91) 44.41) 47.59 
June 3. 60.41) 60.84) 59.97) 57.06] 55.41||Dec. 2...| 36.69] 38.48] 39.75] 42.64) 45.98 
“10..) 60.39) 61.09) 60.36] 57.69] 56.27| “ 9...| 31.02] 33.84] 36.08] 40.89) 44.69 
““  17..| 64.14] 63.86} 62.40] 59.22] 58.29]] ‘* 16..| 30.21] 82.24] 34.14] 38.69] 42.71 
“24... 67.40) 68.20] 67.06] 62.98) 60.86]| ‘* 23..| 29.09] 80.96] 32.56] 36.99] 41.08 
July 1...| 71.08] 71.59) 70.51) 66.57] 63.91]| ‘* 30..] 80.08] 31.51) 32.62] 36.11] 39.95 
Average .| 47.18) 48.53] 48.94] 49.30) 50.32 
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TABLE 9. 


‘WEEKLY READINGS (not averages) OF SOIL THERMOMETERS, SET C. 
(On unirrigated ground). 


FOR 1898. 
DEPTH DEPTH 
Date SSS Date 
\6inj1 ft)2 £t/3 ft 6 in|1 ft/2 ft/3-ft 
|—— |—— | — — |— |—. 
URNEATY (Okc Oars< ees: /29.1/29.6/33.8/36.3||July 7................|171.7/67.9164.5/60.9 
2 Ss Es: -. |25.6|27.1/82.8/85.3}] “© 44...............+|/73.4/70.2166.4162.8 
Sy Oa nede nena 2k (20-0 /S1OsaeBil ao me Olnns (<5 -.c cel | (Oat 10-4 OTRO |EBeo 
SOR TOMER Soe co: 23.0245 SIDES SEYG)|| | Coeean ae 2) ae eaae br 75.2|71.9169.1]64.9 
February 8............|25.7/26.3]30.4/32.8]|August 4.............. 71.9/69.4/67.8|65.1 
Ti) ge ee 31.4/30.6/31.3/33.1 ONES is RR ieee 70.2\68.1/68.3/64.4 
Po ak (je eee eee Rene 32.1 31.9)33.3)34.0 WB oc weve case ee 1168. 9167241 62.8 
ra) OH 30.1/30.6/33.4/34.3 Cae ey GRC Oe 72.0/69.6/63.1/65.4 
Manele 82.2060... 32.6/32.6 34.2/34.8)|\September 1......... 72.4/70.6/68.7/65.7 
aE LO ek 34.2/34.0/35.3/35.8 Ss Dae 60.1|59.2)/60.8/60.8 
2 MG 33.1/33.7/35.6/36.2 i DD her n neve 62.1/60.5/60.9|60.2 
als wa as ee 32..6/38.2/35.8/36.3 o 29..........|/61.6/60.6/60.9]60.0 
A 35.8 34.6|35.8/36.2|\October 8...... .... ..||55.0|55.0|57.8]58.3 
April 7...............|40.2/88.6|38.4/38.9 HS ha Cerner 54.2/54.5/56.8|56.8 
14 48.7/45.0/42.6/40.6 SS Ler eraoaree oth 43,.6/46.5/52.6/54.4 
Helos A) Ie Ree gt oe ae 51.7/49.5/46 8) 44.0 Ge A a 45,2)45.6)49.1/50.9 
MEPS Serer ences: 54.2|51.9/49.8/46.5||November 3.......... 42..2}43.2/48.0149.8 
IMU VOR ee oe crores 39.7/41.1]45.2/46.0 & 10..........||39.1)41. 2]/46 .3/48.3 
TOE 52.1/50.1/48.2/46.0 2 i Wieacenante 35.236 .9]42.7/45.6 
ty 19 52.2/50.8/49.8147.9|| 25....2.-++-|[32-7|35.3/40.9/43.8 
9 PINES Rm 58.4/56.6|/53.7/50.3||December 1.......... 31.7/34.8/39.6/42.2 
PUG tee eee isae es « 63.2/60.0/56.7/53.1 ts Sie wert 26.7/29.5|36.3/39.9 
Me | Che seaousea paral teal ota byerlisy al a i ipreisnaes [28.225 .2/32.4/36.6 
et Onaceme cae, (6D. 7102-0)09- 1155.5 =e 22 en 25,3/27.0/82.1/35°1 
oO US eee 68.7/65.5|61.8/58.0 ec Dire seeage 28.5/28.3/31.7|34.3 
eam SU ta rar teas 52 72.0)68.2/64.0/60.0 F 9 e e e 
Average ........--.+- «+ |/47.8]47.1/48.3/48.0 


This set of thermometers is placed en a knoll near the farm barn, unirrigated. 
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TABLE 10. 


WEEKLY READINGS (not averages) OF SOIL THERMOMETERS, SET C. 
(On unirrigated ground). 


FOR 1899. 
DEPTH DEPTH 
Date Date 

: 6in. | 1 ft. | 2 ft. | 3 ft. 6in. | 1 ft. | 2 ft. | 3 ft. 
Sanuary He ss.21) 2d00 eoseeleole 4 leOk ok yew Orr rere 66.8 ! 64.8 | 62.6 | 59.9 
7 ieee 23.9 | 24.0 | 29.4 1 33.7 SSN AA ee ches 37.5 | 65.6 | 63.7 | 60.8 

S 19..... | 28.2 | 27.6 | 30.8 | 32.5 ot 202 tere 68.8 | 66.2 | 64.0 | 61.2 

Ae anager lees) lod ir) | SReat OH aliaiaxe sae 69.4 | 67.4 | 65.0 | 62.1 
February ¢. 23.2 | 27.7 | 31.4 | 83.0 | |August 3...... 68.5 | 66.8 | 64.6 | 62.0: 
He Oli, 21.6 | 21.6 | 28.0 | 32.6 : UO ereiensis 67.2 | 65.7 | 64.5 | 62.3: 

oY 16. OT | cbs Ove TRON eet teres se als meece 67.7 | 65.9 | 64.7 | 62.5. 

a. 23 23.5.1. 23.8 | 27.7 Sire loan 66.3 | 65.0 | 64.3 | 62.2: 
March 2 822251630" B28 None. wet Bilenases 67.8 | 66.2 | 64.9 | 62.8 
SO 32.9 | 32.0 | 32.8 | 33.1 | September 7 59.7 | 66.4 | 64.9 | 62.8 
alte $2.5 | 32.2 | 32.8 | 33° ‘s 14...| 65.6 | 68.9 | 68.5 ; 62.0 
Sento 32.7 | 32.6 | 83.7 | 34.1 fe 21...) 60.1 | 59.5 | 61.0 | 60.7 

Be SO beaeetaos cal orlaltoeeon | poteso iS 29...) 57.7 | 58.1 | 59.8 | 59.8 
EM eraUL Wings nas 83.2 | 83.0 | Sf /%34.6") |October 5..-.. 55.0 | 55.3 | 58.3 | 58.4 
en A ream 45.5 | 42.0 | 88.4 | 34.7 ass bere 52.2 | 52.0 | 55.5 | 56.1 
DU Saas 44.2 | 42.6 | 41.9 | 40.2 | [November 2 40.2 | 42.0 | 47.0 | 49.3 
Sa Sati eens ties coi. 52.0 | 48.8 | 45.8 | 43.1 wu 8...) 41.2) 44.1 | 45.0 | 47.8 
May denen 46.5 | 44.7 | 45.5 | 44.4 : 9...] 46.7 | 41.1 | 44.5 | 47.1 
Sahl Gers etrarerc 54.2 | 50.6 | 47.8 | 45.8 “3 16...) 41.4 | 41.0 | 48.8 | 45.7 
Sh ae ears 5o.7 | 52.7 | 50.8 | 48.5 os 23...| 88°9 | 89.1 | 42.5 | 44.6. 
Sey 59,2 | 55.5 | 52.3 | 49.8 | |December 1...| 88.0 | 87.7 | 40.8 | 42.8 
isha eng wee 53.4 | 56.2 | 54.1 | 51.6 4¢ 7...) 88.2 | 34.5 | 88.9 | 41.5 
ere IS irenrtahene O91} bie L | e201 52.7 ar 14...) 32.2 | 33.3 | 87.3 | 39.8 
go GHW aera 62-8 | 59.7 | 57.8 | 54.4 bY Ai e) 20 GW) oktde le SOOM Soro 
SROs arte. 65.2 | 62.7 | 59.8 | 56.5 w 28...) 31.1 | 31.6 | 35.1 | 37.5 

SAO ae eee 70.2 | 65.9 | 61.9 | 58.4 

Average .......| 46.99} 46.22] 47.07) 47.98 


AGRICULTURAL 


TABLE 


aL 


EXPERIMENT -STATION. 


I 


09 


DATES OF EXTREME TEMPERATURES AT DIFFERENT DEPTHS FROM READ- 
INGS AT7A.M.AND7P.M. SBT A. 


1 DEPTH 
oe! 
S 3 INCHES 6 INCHES 12 INCHES 
ial =| lal q ‘ bq q 
| oc = . iss} — = 
| Date s Date 3 Date s Date 3 Date 3 Date S 
ie \apaeed oat 3 eet aed aaa hosed 
1889 | June 30..|87.7) Jan. 9.../16.0)|July 1.../81.2/Jan. 9.../21.0]/June 30..|76.8|Jan.21-22/26.0 
1390 | July 1 (86.2) “© Sa bi 7. isi2|) “© 2....120.0|| duly 6 enol eredenl DoD 
1891 | ae 96 104 OlFob. 9-7 aif 11.,180.6\ Feb. 2. .. (21. On cantina eat eee ee 
1892 ‘Any. 24 84.2\Jan. 18..}16.3)/Aug. 14../80.8)Jan. 11../20.7|/Aug. 15../72.5).......... 
|| June 28 
1893 || to July 4/87.5) “* 18../21.3]/iJuly 5 83.9] “* 18../26.0 July 5 76.1) Jan. 21..|30.3 
I 
1894 ||June 12..|/78.6|Dec. 28..|14.7)]} ‘* 27../76.1)Dec. 28.,/21.4)| ‘* 27..|71.5|/Dec. 28.. |24.3 
1895 | Jaly G6 83.2 Jan. 15...) 8.5) “ 6.../78.8\Jan. 15..)13:0)) ** 29../71-6)Sam. 15../1952 
tego ft cs  taca908, §* 4.5 10828 PS (SG ct) > A e2a0 7 Bee MSN lys we wt 27.9 
| 
1897 | Se htaes| so DedseAme, £20768) 65... 28. O Ania doing Onder) 29.5 
1| | Jan. 27 to 
1898 || “* 15../85.4)/Dec. 14../20.0)|July 17..|/82.2| Dec. 14.]24.7 July LO iodine eect aie aes 
1899 || June 28../64.3|Jan. 10..|18.8}|June 28. |79.2|/Feb. 8.../21.6 e6 24..178.9|Heb. 7. ..125.3 
NH | 
DEPTH 
g 2 FEET 3 FEET 6 FEET 
a || | 
Des | © V Date te | Date. | =| Date || 212 Date Mic neDatemies 
ate S ate 3 ate 3 ate = ate 3 S 
| 
1889 ||July 18../67.3, Jan. 28..|30.9)/Aug. 19..|64.6/Jan.29-31]33.3}/Sept.5-10/60.0)Mar. 3.../39.2 
1890 || ‘17 27 28/66.9|Feb. 11..|30.6)| ‘ 21..164.6] ‘* 29.../38.3]| ‘* 1-12./60.0/Feb. 18..|39.4 
Ae Vie « | OAT Feb.19 22 
1891 ||July 26..|68.7| * 14 16 17/32.1)|19 20.....165.6/23 26...../84.0)| ‘* 17.../68.8/Mar.12-23/39.0 
1892 ||Aug. 17..|68.7|Jan.24-25|31.4)|Aug. 18..165.5)/Feb. 28../33.6]/ ‘‘ 1... /60.2)/Feb.24-26/39.6 
* Jan.23- 27 aE 
1893 ||July 6.../75.8] ‘* 22.../52.6|/|July 24..|67.6)Feb. 11../34.8 rhe 6... |67.4) °° 21 22-25140.2 
° | 
1894 ||June 28../69.8' Feb. 25.. |31.5||June 28../69.7| ‘* 27-28/338.5 eee ae 64.4)/Mar. 15../38.5 
| ug. 30- 
1895 ||Aug. 2...|68.0/Jan. 16..|27.5||Aug. 7-8./65.9|Jan. 18..|32.8]|Sept. 19./61.0; ‘ 1.../89.3 
1896 Ce es yale) | Se 6 1oL.6 ** 16-17/69°5| “8 17 18/35.5/|/Aug.24-25/62.8 Feb.17-22 41.0 
S § § Mar. 24- 
1897  12..)76.1/Feb. 2../82.4 * 17...173.6|Feb. 2-10/35.5|/Aug. 16../75.5/Apr. 2.../41.0 
Jan. 28- 
1898 ||July 30../73.0)/Feb. 12..|83.0||Sept. 1..|70.6 * 7-20 36.5||/Sept. 5-6/67.5)Apr. 10../43.4 
ace 
1899 SOA |OO MeO EOOLO Oly: 2Ba. (Os cp bar. 40 BA, Ole ever eael rate iPererersontsh octal taiseate 


crt 


Aug. 22, 66 


|| Sept. 2,62.5. | 
Affected by irrigation. 
“| 74 June 29 after watering grass. 


3 


als 
Ne 


Water applied to lawn 


69.2 July 31 was probably highest otherwise. 


62.6, Sept. 11-13. 


July 31, 68.5, unaffected by water. 


Observations made at 2 and 9 p, m., before 


Sept. 10, 1898. 


July 1, 1889. 


6 feat thermometer broken 
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TABLE 12. 


REPORT 


EVAPORATION FROM WATER SURFACE, TANK 3x3x3 FEET, FLUSH WITH 
GROUND, AT FORT COLLINS, COLO. 


(In inches.) 


Latitude 40° 34’; Longitude 105°-++-; Elevation 4,980 feet. 


1887 2.46)3.23)/4.60)5.55)5.19/5.75/5. 23/4. 24)4.12|3.26)1.48)1.60)/ 46.71 
1888 mailed tote otetenaillsatetst| SO) 7.70 7.00 4.06/3.9412.17}1.35}0.99})...... 
1889 1.08/1.03]2.75/4.06/3.72]4.34!5.20/5.15/5.19]3.28]0.62/1.42)| 37.84 
1890 0.86 2.36/3.58)3.50)4.32'5.7115.44/5.76}3.69)/2.71/1.32)1.10 40.25 
1891 1.89/1.90/2.23)2.24)5.03}4.97|5.72/4.91/4.12/3.62/1.74/0.75|| 39.12 
1892 2.51/8.15 2.78)3.58)/3.49/4.20/4.69/5.645.11)3.33/1.93|1.13)| 40.54 
1893 yf ee 1.52 3.79/5.40/5.12/6.12/6.41/4.73]5.04/3.79]1.05/1.88]) ...... 
1894 1.14 Las 1.95/4.61)4.66)5.01|5.74/4.88/3.77/3.75|1.64/1.22|| 39.52 
1895 {49 1.19 PB [4.91/4.27/4.13)4.57/4.52/4.06]2.24/1.53/1.68)]...... 
1896 2.64/2.25/2.39/4.71/5.9115 09/5. 23/5 .80/3.34/2.94)/1.62/1.25)| 43.17 
1897 1.80 2.20 P |3.33)4.18)4.26/4.64)4.76/3.9712.88]1.47/0.94)|...... 
1898 1.12|1.31/2.53]4.65/3.90|5.67)7 83/6 .57)5.57]4.64|1.36/0.67|| 45,32 
1899 ios ? soli.na 3.19]5. 35/6 .37/5.38)5.86 5.04/2.87)1.86/1.15)| 42.11 
Average 1,65/1.81)2.81/4.19)4.58)5 .33)5.58 5.14 4.38 3.79/1.46]1.18)|} 41.30 


Based on record for part of month. 
From Record of two months. 
From record from February 17. 
Tank punctured, record lacking. 
From record of three months. 


vie) ee rate x 
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TABL® 13. 
RAINFALL AT THE AGRICULTURAL COLLEGE, FORT COLLINS, COLU. 


111 


1889 
1890 
1891 
1892 
1893 
1894 
1895 
"1896 
1897 
1898 
1899 


Normal 


Jan 
Feb 
Mar 


July 


Aug 
Sept 


“Oct 


Year 


0.66,1.04 1.59 


1.23)1.96 
3.3910.47 
3,39]2.06 
1,19]0.12 
4.07}1.380 
4.83 2.42 
1.'2/0.26 


9/3 .09)0.42 


3.62/83 .65 


3)1.68)3.05 
9/2 .06)1.69}2 


3.65/1.37 
1.01/1.08 


3)1.80 


1.30 
3.15 


1.76 


-12)/0.54 
-01/0.29 
-95/0.42 


14|0.07 
05)1.01 
22/0.14 
92/0.18 
53]2.29 
4510.47 


20/155 
74/0.75 
- 9810.50 
99/021 


0.49 
0.75 
0.82 
3.23 


0.62 0.60 0.85 1.63 
| 


2.79)1.61 


191 


‘lt 


1.00 


13.84 
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TABLE 14. 
PRECIPITATION 1898. 


2/2]2/ 5/2 | 22/212 /2/2 2 [= 
Pinkhampton.......... 0.45/0.52/1.30/0.33 2.10 0.66/0.50.0.82)0.15)1.51)2.10)1.50}| 11.94 
lBieha0 on ueceocoud oOo 0.40/0.45}0.59/1.73/1.82!2 05/2.9411.53/0 81,0.60]1.60]0.60]| 15.13 
Giloneyreriescstcsccnres 0.40}0.10/0.60/1.20) 1.60 0.70}0.70)0.30/0.50 0.95)1.26|—| | 
Shetland Ranch....... 1.02/0.44 1.55/2 .60]1.40|; ——— 
Waterdales..centesnce- 0.24)0.25/0.87)1.42 3.43)1.85]1.20/1.61 J.50.0.75/1.62/0.50]| 14.25 
Hort Collinissecs--sr ase |0.14/0.08/0.50)1.08 3.65)1.37)0.50/0.98 J.50, 0.82/1.24/0.17}| 11.03 
Rocky Ford.........../0.46] 0.0!0.16]1.06/2.71/3. 16/3.52/0.92]/1.55/1.36/0.37|0.96]| 16.17 
Cheyenne Wells. .....-/0.03} 0.0/0.61)1.10]5 55!3.95/2.09]1.33/2.00,0:48)0.50/0.48/| 18.13 


PRECIPITATION 1899. 


| 3 | 
.60}1.60)0.27/0.60 1.18/0.91 0.30/3.09} T |1.17]| 18.65 


Pinkhampton.......... 8.33/3.60)2 

amibsienca cestcrt= 0.52}1.05)2.97}1. 10]0.38) L.69)3.82/1.73]0.11]2.31]0.03/0.62|| 15.23 
Shetland Ranch......- 3,13/3.87/1.20 0.13 | 

Waterdale......... ..+-/0.53/1, 10]1.25/0.84/0.67|0.9212 12|0.94]0.1¢/3.30] O |0.49]] 12.35 
Fort Collins........... 0.66) 1.041 .50 1.10,1.01 L.03 4.9510.9910.21 3.23} T |0.47}{ 16.19 
TLOCK VER ONC: cermtninecte 0.98°0.55;0.32 0.28)0.98)0,78]7.00}2.22)1.43/0.63)2.40)0.98 | 18.56 
Cheyenne Wells....... 0.47/0.36)0.39)/0.03)2.88]1.80]3.67/0.55]0.79| T }2.49]9.55]| 14.07 


Pinkhampton for Jan., Feb., March. Dec., 15 in. snow taken for 1 in. rainfall. 

15 in. of snow taken for 1 in. rainfall at Shetland Ranch for Jan., Feb.. March 
and April. 

Shetland Ranch is near Home Postoffice on the Poudre River; elevation 7800 
feet. John Deaver, observer. 


Waterdale is on the Big Thompson, in the foothills west of Loveland. P. H. 
Boothroyd, observer. 
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BLIGHT AND OTHER PLANT DISEASES. 


BY Cc. S. CRANDALL. 


BLIGHT OF APPLE AND PEAR TREES, 


Discussion of the disease known as blight is approached 
with some trepidation, and is only undertaken in response 
to what seems to be a growing demand from fruit growers 
for information concerning the disease. It has been pres- 
ent in the state for ten years, but never before have letters 
of inquiry and appeals for aid been so numerous as during 
the past summer. 

It should be remarked at the outset that I have nothing 
new to offer regarding the disease or itstreatment, but shall 
simply attempt to bring together the main historical facts, 
and epitomize the work that has been done by those who 
have given the disease exhaustive study. 

Pear-blight, apple-blight, fire-blight, twig-blight are all 
names for the same disease; a disease which has proven the 
most destructive of any of the plant maladies with which 
the horticulturist has ever had to deal. It is nota new di- 
sease; it has been known and dreaded for at least a hundred 
years. The early horticultural journals abound in articles 
on the subject, and horticultural societies, ever since their 
inception, have found it a constant subject for discussion. 
But writing about it and discussing it failed to eliminate the 
disease or to make plain its cause. Discussion became so 
barrenof resultsthat the Western New York Society resolv ed 
that the subject should not be broached unless some one had 
something entirely new concerning the disease to communi- 
cate. 

As with all phenomena arising from causes unknown 
and therefore mysterious, pear-blight offered abundant op- 
portunity for the theorist. Theory after theory was put 
forth; some based upon the observations of practical men, 


=A 


and some on pure conceptions of the mind. Every theory 
as to the cause prescribed a remedy based upon the theory. 
These remedies were put to trial and reported on; reports 
varied. Two men would report the use of a remedy under 
similar circumstances; one with favorable results, the other 
with adverse results. The next season the same men using 
the same remedy in the same way would reverse their re- 
ports. Success one year would be counterbalanced by 
failure the next, and the remedy would be laid aside as 
useless. 

Many of the successes with various remedies as reported 
in the older journals, we can now see were simply successes 
reasoned from negative results. A man has a tree affected 
with blight, he cuts off the blighted limbs, applies a wash of 
copperas over the tree, the blight progresses no further, 
and he reports a cure effected by washing with copperas. 
His experiment is worthless; had he allowed the blighted 
branches to remain on the tree, and applied the copperas, 
with an arrest of the disease as a result, then his report 
would have been warranted. But as he reported, might not 
his accredited cure have been due to the complete removal 
of the disease with the infested branches which he cut off? 
And just so with a great number of experiments tried with 
other remedies. They were of no value because conclusions 
were hastily drawn from only a part of the attending cir- 
cumstances. 


THEORETICAL CAUSES. 


Among the numerous assigned causes of pear-blight I 
may mention the following. 1-Electricity and atmostpheric in- 
fluences. 2-A stroke of the sun. 3-Old age, or a long 
duration of varieties. 4-A sudden freezing of the bark. 
5-The freezing of the roots wherby absorption is prevented, 
and, the supply of moisture being cut off, the evaporation 
from the branches caused blight. 6-Too high culture. 7- 
The absence of certain mineral matters in the soil. 8-In- 
sects. 9-Fungi. 1o-An epidemic transmitted from place 
to place by the air. 

Each of the above theoretical causes had a following, 
but most of them were. entertained for a brief period only, 
because observed facts made the theories untenable, and 
wherever any one of these theories was put to the test of 
actual experiment it was quickly shown to be fallacious. 


DOWNING S FROZEN-SAP THEORY. 


The most widely accepted of the early theories was that 


a ae 
advanced by A. J. Downing in the first edition of his “Fruits 
and Fruit Trees of America’ which appeared in 1845. The 
name ‘‘Frozen-sap blight” was there applied to the disease. 
The theory being that the disease was due to freezing 
and thawing of the sap which thus lost its vitality, became 
dark and discolored, and poisonous to the plant. He says 
a damp warm autumn, followed by a sudden and early win- 
ter, always precedes asummer when blight is very prevalent. 


In enumerating the symptoms of the disease, Mr. Down- 
ing gives just those characteristic features with which every 
one who has come in contact with the disease is familiar. 
The thick gummy exudation from diseased tissue, the dark, 
discolored areas of bark that follow attacks upon the trunk 
and branches, and the sudden blackening of growing extrem- 
ities in early summer. 


No fault can be found with all that Mr. Downing says 
of symptoms, and of circumstances attending the disease; 
but he was wrong in many of the conclusions drawn, and in 
the wide application he makes of conditions that prevailed 
Only locally. Of remedies Mr. Downing says: “The most 
successful remedies for this disastrous blight, it is very evident, 
are chiefly preventive ones’........ “Asa remedy for blight 
actually existing in a tree, we know of no other but that of 
freely cutting out the diseased branches, at the earliest 
moment after it appears.”’ 


In july, 1846, Mr. Downing began the publication of the 
“Horticulturist,’ a monthly journal of ‘Rural Art and Rural 
Taste,” and in the second, or August number of that journal 
he writes at length of the blight, repeating the theory as 
advanced in his work of the year previous. 


OBJECTIONS TO THE FROZEN-SAP THEORY. 


In the December number for the same year, place is 
given for an article by a correspondent from Terre Haute, 
Indiana, who signs himself S. B. G. This writer presents a 
number of observations which appear as valid objections to 
the frozen-sap theory, some of which I desire to quote. 
“Tf this theory be true, why have its effects manifested them- 
selves so recently? Our climate has undergone no change. 
The vicissitudes of weather have never been less than now. 
I have resided upon the Wabash more than twenty-three 
years and have known no difference in this respect. I have 
known almost whole winters that the plow might have run, 
while others have been cold. Late spring frosts, and late, 
warm, humid fall weather, have always marked our fitful 
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climate, yet was the pear blight never heard of until recently.” 

The prevalence of blight in 1845 was ascribed to a frost 
occurring on the tenth of May. This writer cites a much 
more severe frost on the same day of the year 1834, but 
there was no blight that year. 

A further objection refers to the effect of frost upon sap. 
“The freezing of sap does not change its properties. That 
the freezing of vegetable matter in a certain state of devel- 
opment produces death, may be admitted.”........ ‘Tt may 
also be admitted that the freezing in winter may be so severe 
as to destroy the vital principle as well in vegetable as ani- 
Mita WU es en. chee hes “Death thus produced is not occasioned 
by deleterious properties imparted tothe sap, but by the mech- 
anical force of the frost upon the cellular and woody tissues.” 
2 ee “All our trees are frozen, except their trunks and 
large branches, every winter, especially the young and ten- 
der wood of the past summer’s growth, and if an elaboration 
of the sap injurious in its consequences were thereby pro- 
duced, no vegetable matter would survive a single winter. 
The economy of the vegetable world rests not on so insecure 
a basis as this would indicate.” This writer here speaks of 
the spread of the disease in the individual plant, and cites a 
case of the production of the disease in a healthy tree by 
inoculation froma diseased tree. Further hesays: “There 
is no occasion to theorize upon this subject for the.mere 
sake of theory, and I have none that I regard as certainly 
true; but I strongly incline to the belief that the pear blight 
is an epzdemuc, that it prevails like other epidemics, and will 
pass off like them. The atmosphere is, I believe, generally 
admitted to be the medium by which they prevail, and are 
carried from place to place. What that subtle principle may 
be, which pervades our atmosphere, by which infection is 
retained and transmitted, so that, like the: Asiatic cholera, 
it makes the whole circuit of our earth, human science has 
not discovered, and perhaps never will; but that such a prin- 
ciple exists, is sufficiently obivious from its effects.” 

Looking back in the light of what “human science” in 
the modern times has discovered, to those days when the 
germ theory was little more than a suggestion, the statement 
above quoted is of interest. 

CAUSES SOUGHT IN ATMOSPHERIC AND SOIL CONDITIONS. 
ee as ae secu press of fifty years ago 
attendant vencenneen Ae Mar iS ae v me 
COMER ew o and soil conditions. One writer in 

ys: ruit tree planted on a well-drained poor 
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soil will seldom suffer from blight of any kind. Too much 
trimming, too much moisture, and too rich soils are, in my 
opinion, some of the causes of blights in apple and pear 
trees. I believe there are several varieties of blights in 
apple trees and probably in pear trees also. I think Iamin 
posession of facts and observations which will explode all 
the blight theories which I have seen published.” This gen- 
tleman certainly observed some of the conditions which may 
aggravate blight, but his was as far from the true cause as 
any of the blight theories he thought himself able to explode. 


FUNGI. 


The man who introduced the theory of a fungus origin 
of the disease was for a considerable time quite sate from 
contradiction. Many fungi are very small; to learn any- 
thing of them beyond the fact of their existence requires a 
microscope. They had then received little attention, little 
was known of them, and it was impossible to prove or dis- 
prove their casual connection with the disease. 

An investigator in 1872 ascribes the disease to a local 
fungus fermentation of the genus Torula and he observes 
that * “Every condition that will prevent the bark and 
shoots from ripening will foster under high temperatures, 
in the presence of organic acid and vegetable nitrogenous 
matter, one or more species of Torulacei fungi.’ And he 
further infers that contamination may come about by the 
absorption of the fungus germs by the roots, and in this case 
the fermentation proceeds from the sap-wood to the ex- 
terior. Drainage, or the removal of the tree to a more 
favorable place is recommended. The writer speaks of 
another form of the disease where the fermentation pro- 
ceeds from the surface to the interior. This he calls atmos- 
pheric blight. Now beyond the fact of the presence of 
fungi in the diseased tissues this was all theory. 

In 1875 Thomas Meehan, editor of the Gardener’s 
Monthly, in speaking of the researches of Dr. Hunt of 
Philadelphia, says he finds “That a very minute fungus 
germinates in the outer bark, enters the structure, destroy- 
ing the cells as it goes, till it reaches the alburnum, and 
then it penetrates clear to the pith, by the way of the med- 
ulary rays, totally destroying the branch from center to cir- 
cumference;” and he adds, “There is no other conclusion 
here than that arrived at by Dr. H., that in the true fire 
blight, fungi are the cause of the disease.” 

It was an easy matter to find fungi in the dead tissues 
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of trees affected by blight, and their presence there was 
considered as sufficient evidence that they caused the dis- 
ease. No crucial test was ever applied to prove that causal 
action. So inthe absence of positive proof, all the claims 
of discovered cause made, up to this time were valueless. 


DISCOVERY OF THE TRUE CAUSE. 


The first light shed upon what has since been proved to 
be the true cause of pear blight was in 1878 when Professor 
Burrill of Illinois announced to the Illinois State Horticul- 
tural Society the discovery of bacteria apparently connected 
with the disease. The germ theory of disease had been 
under discussion for several years, and, previous to this 
time Pasteur had (in 1869-70) demonstrated that a microbe 
caused the terrible silk-worm disease, and. later in 1876 that 
splenic fever and fowl cholera were also due to the action 
of specific microbes. Professor Burrill was the first to sug- 
gest that these low organisms might be connected with plant 
diseases. In his announcement in 1878 he made no positive 
assertion, but simply reported discoveries which were sufh- 
cient foundation for a very strong suspicion that these 
organisms did cause the disease. Continuing his investiga- 
tions of the subject, in 1880 he had advanced far enough to 
announce before the American Association for the Advance- 
ment of Science that he had discovered the cause of pear 
blight. That the cause was a specific organism, for which 
he proposed the name Micrococcus amylovorus. Professor 
Burrill rested his claim upon the results obtained in a series: 
of experiments. He inoculated healthy pear and apple trees 
with diseased tissue, and, in a large number of cases, blight 
followed the inoculation. The process of inoculation was 
both by the transfer of small pieces of diseased bark, and 
by pricking with a needle dipped in macerated diseased 
tissue. His results would seem to warrant his assertion 
that blight was caused by the organism which the micro- 
scope showed was present in large numbers. But in the 
light of modern methods of experiment, his proof could not 
be considered as absolute. 

Investigators of the etiology of the contagious diseases 
of animals, agree, that in order to prove positively that any 
suspected organism is the specific cause of any particular 
disease, four steps are necessary. These steps which were 
first recognized, enumerated, and published by Professor 
Cohn, are as follows: 
mean Yo demonstrate the habitual presence of the organ- 
ism in cases of the disease in question. 
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2. To find some medium outside the animal body, in 
which this organism will live and multiply. 

3. To cultivate the organism in this medium fora 
sufficient number of generations to insure the complete 
elimination of other organisms that may have been intro- 
duced into the first cultivation; in other words, to secure a 
pure cultivation of the organism. 

4. To inoculate a healthy individual from the pure 
culture of the organism, and produce the original disease. 

These steps carefully followed, afford a means of proof 
that, it seems to me must convince the most skeptical. 
This method of proof is just as applicable to plan diseases 
as to animal, and in the case of pear blight it remained for 
Professor Arthur, then of the New York experiment station 
at Geneva, to apply it. This he did during the seasons of 
1884 and 188s. 


WORK OF PROFESSOR ARTHUR. 


Professor Arthur used as a culture medium a tea made 
by steeping corn meal in water and then filtering until a 
clear infusion was obtained. In this medium he cultivated 
the organism fora number of generations. Trees inocu- 
lated from his last culture, which contained Micrococcus 
amylovorus, and no other organism, developed the disease. 
Here was good proof that this specific organism caused pear 
blight; but there was one question that might be raised. 
Might not the liquid in which the organism lived be the ex- 
citing cause, instead of the organism ? To prove this point 
a culture containing the organism was filtered through por- 
celain. The clear liquid, which upon examination by the 
microscope was shown to be free from germs, failed in 
every case to communicate the disease, but the residue of 
germs, left after filtering, when used to inoculate healthy 
trees, readily produced the disease. Thus bythe method of 
experiment has every doubtful point been covered, and the 
fact established beyond controversy that this particular 
organism, Micrococcus amylovorus, is the true cause of pear 
blight, or apple blight. ; 

This demonstration did not at once meet with universal 
acceptance. Various objections were raised to it. There 
were many men who refused to accept as the exciting cause 
something they could not readily see, something which 
could not readily be made evident to the senses. The ob- 
servation and study of these low organisms, and of the 
tissue in which they live must be carried on under high 
powers of the microscepe; they must be magnified at least 


1,000 diameters. It is only men trained in the use of the 
microscope that can carry on observations under these con- 
ditions. The growth of an organism in a culture fluid is 
readily observed by the naked eye, by reason of its action 
onthe fluid, and the results obtained by inoculation are 
easily seen. These two points must serve to inspire confi- 
dence in the statements of the microscopist regarding what 
takes place beyond the range of natural vision. The specific 
name, amylovorus, given by Professor Burrill, to this organ- 
ism, means starch-devouring, and was given because the 
removal of starch from the cells appears to be the work 
they perform. In the process, which is a true fermentation, 
carbon-dioxide is given off, and butyric acid is formed. 


EPIDEMIC NATURE OF THE DISEASE. 


Like all diseases which have been traced to an origin 
in low forms of life, pear blight is epidemic in its character. 
During certain seasons it is very destructive; this extreme 
virulence may last two, three, or four years, then the dis- 
ease will decrease, or possibly pass away entirely, to appear 
again after a long interval. 

Charles Downing says, in speaking of his locality: “Pear 
blight has appeared at intervals of about twenty years, and 
the duration of each has been from three to five years. I 
have passed through three of these periods, and with each 
additional visit the attack is very much lighter; and like 
many other diseases it may run itself out intime.’ Mr. 
Downing’s statement was made before the true cause of the 
disease was known. There does seem to be a periodicity 
connected with the disease, and while we are likely to have 


intervals of immunity, I have no faith in its finally running 
out. 


MEANS ON DISSEMINATION. 


How does the disease get into the tree, and how is it 
carried from onetree to another? First as to its dissemina- 
tion. Whether the germs of the disease are carried in the 
air or not has not yet been satisfactorily demonstrated. but 
it is well known that insects carry the disease, and that in 
them we have the chief means of its dissemination. The 
gummy exudation already alluded to, which is commonly 
present in cases of attack upon the trunk or larger branches 
is shown by examination to consist of myriads of the living 
organisms, held together by the viscid secretion which seems 
so characteristic of their work. This exudation is most 
abundant in the spring after the tree has started into full 


activity. It is attractive to insects, and they by their fre- 
quent visits disseminates the organisms rapidly at a period 
when the opportunities for their easy access to healthy 
plants are best. 


HOW THE GERMS GET INTO THE TREE. 


Now as to the method of gaining access to the tree. 
The virus of the disease spread upon healthy bark will not 
communicate the disease; this has often been proved by ex- 
periment. The microbe is incapable of penetrating healthy 
bark; but prick the bark with a fine needle smeared with the 
virus and you can produce the disease. The puncture or 
wound, no matter how small, is large enough to afford ac- 
cess to the germs which at once find themselves under con- 
ditions that will promote their growth. Wounds in the 
bark then, afford one means of access to the disease. Most 
cases of blight on the body of the tree originate in this way, 
certainly all those that show only isolated diseased areas, 
and in many of these cases the fact that the disease has 
spread from a central point of infection is very apparent. 
Last season portions of the trunks of several trees, ranging 
from one and one-half inches to two and one-half inches in 
diameter were sent us from an orchard near Canon City. 
Each piece bore from one to four elliptical areas of bark 
dead from blight, and in each case it was very plain that the 
disease had spread from a center; the center being a point 
where a starting shoot had been rubbed off. This would 
point to a need for some application following the removal 
of adventitious shoots to prevent the access of the blight 
organisms. 

During the winter season, fully formed bark envelops 
the whole tree, forming an impervious protective against 
the disease, so at this season the only means of access would 
be by wounds. But as the buds push in spring we have pre- 
sented other vulnerable points. The young shoots are soft 
and succulent, they have no covering capable of resisting 
attack, as has been often demonstrated. When the flowers 
expand we find in the flower cup, parts that are even less 
protected than are the youngest shoots. The stigma and 
nectaries offer conditions most favorable to the develop- 
ment of the organism. 


Insects are no doubt responsible for the first infection, 
and in their busy flight from one flower to another during 
the whole period of flowering they disseminate the disease 
from one tree to another, and from orchard to orchard. It 
has always been observed of the disease that the twig-blight 


form was most common shortly after the blooming period, 
and the reason seems apparent. 

The points of access are then three in number. The 
flower, the young and growing shoots, and wounds in the 
batk: 


CONDITIONS WHICH AGGRAVATE THE DISEASE. 


It remains for us to consider briefly the conditions which 
may aggravate the disease and what may be done to check 
or prevent it. Itisa matter of common observation that 
the disease varies greatly in different localities and in diff- 
erent seasons. It may progress slowly or with great rapidity. 
Knowing as we do now, the cause of the disease, and the 
conditions under which the organism most rapidly propa- 
gates, we can account for this variation by the different 
conditions prevailing. The old theory that rich soils, and 
moisture were the cause of the disease was a favorite one, 
and undoubtedly arose from the observation that on rich 
soil, and in moist seasons the disease was most virulent and 
destructive. Rich soils with accompanying moisture is con- 
ducive torank, rapidgrowth. Thetissues formed aregorged 
with sap, and are very succulent. In this condition of things, 
we find all that is necessary for a rapid growth of our mi- 
crobe. Ona soil of only moderate fertility the growth is 
slow, less succulent tissue is produced, and if the supply of 
moisture is small, we have conditions not advantageous to 
the organism, and its development is slow. In this matter 
of growth we find a reason for the various opinions regard- 
ing clean culture, or grass in the orchard. One man has no 
blight and attributes his escape to clean culture. Another 
has no blight and thinks it is because his orchard is in grass. 
Both may be right, though the reasons they give for the im- 
munity are wrong. An orchard on rich soil may receive 
just the necessary check in growth to prevent too great 
succulency by having grass in the orchard. An orchard on 
poor soil may need the clean culture to keep it in healthy 
growth. Anything then, whether in the choice of soil or 
manner of treatment that gives the trees a slow growth 
which will thoroughly ripen and harden, will render them 
less liable to attack from blight. Close planting is objec- 
tionable, because the ground being too much shaded, moist- 
ure is retained, and moisture favors blight. 


In irrigating, care should be taken not to apply an 
excessive amount of water. I believe the general tendency 
is toward the use of too much water, and that by this means 
that succulent growth so readily attacked by blight is induced. 


Water should only be applied when needed, and the need 
is easily discovered by careful examination of trees and 
soil. 

TREATMENT. 


From the nature of the disease, it is evident that when 
it has once gained access to the tree, preventive applications 
are useless. 

The organism is secure in the cell tissue beneath the 
outer bark; you cannot reach it with any germicide vet known. 
There is therefore, but one remedy, and that is to cut and 
burn the infested portion of the tree. If trees are closely 
watched and diseased portions removed as soon as discov- 
ered, the difficulty may be checked without serious injury to 
the tree, but if allowed to spread until the amputation of 
large limbs becomes necessary the tree will be deformed if 
not entirely ruined. In years when the disease is extremely 
virulent, this work of cutting out is discouraging, and this 
has led some to object to the practice. Objections have also 
arisen from those who were unsuccessful because of careless 
and imperfect work. There is, however, abundant testimony 
from many sources that it pays to follow the pzactice closely 
and persistently. There is no other way of holding the di- 
sease in check after it has once started. 

In cutting out twig blight it is hardly practicable to pro- 
tect the cut surfaces; but where branches one-half inch and 
upward in diameter are removed, and particularly where 
the bark is cut away from blighted areas on the trunk and 
larger limbs, the cut surfaces should be at once covered with 
some protective coat. Lead and oil paint, shellac wash, and 
various forms of grafting wax, have all been used. I prefer 
the paint because it is cheaper, and less liable to crack and 
fall away under the drying action of the sun. 

In cutting out blighted portions there is one precaution 
that should always be observed, and that is the sterilization 
of the knife after each cut; if this is not done, germs may be 
left upon the cut surface of the branch and the disease will 
continue to spread. 

The sterilization of the knife may be effected either by 
passing through a.flame or by immersion in carbolic acid or 
other germicidal solution. In cutting, it should of course, 
be the aim to cut safely below the diseased part. The limit 
of the disease is not the well marked line of dead tissue. 
It is not in the dead tissue that we find active work going 
on. The very fact that the tissue is dead and discolored is 
evidence that the organism has sapped it of all nutriment 
and is through with it. The work of destruction goes, on 


outside this line of dead tissue, and extends a variable dis- 
tance, from only three or four, to twelve or fifteen inches. 
So in cutting be sure and make the cut sufficiently low to 
remove all the infested tissue. If the tree becomes very 
badly affected before receiving attention, it is best to grub 
it out and burn the entire tree. 


VARIETAL DIFFERENCES. 


There appear to be no varieties that are entirely free 
from attack, but, according to reports, there are wide differ- 
ences insusceptibility andin resisting power. The testimony 
concerning pears, gathered from many sources, indicates. 
that Anjou, Angouleme and Seckel resist attack better than 
do Bartlett, Clapp or Flemish Beauty, and when attacked 
the disease progresses less rapidly in the first three, than it 
does in the last three. 

Among apples, the varieties of crabs seem everywhere 
more susceptible than do standard apples, but even here 
occasional exceptions are met with. A case illustrating this 
came under my notice at Eaton. 

A three-acre garden was surrounded by a row of crabs, 
Martha and Whitney alternating. The Whitney trees were 
all either dead or dying of the disease, while not a Martha 
had been attacked. The difference betweenthetwo varieties. 
was here so marked as to suggest security from attack on 
the part of the Martha, but in other localities the variety 
has succumbed. Reports concerning the standard varieties 
of apples vary greatly from different localities. Varieties. 
apparently immune in one locality are badly attacked in 
another, and I am inclined to the belief that the differences. 
in behavior toward the disease, with both pears and stand- 
ard apples, are due more to varying local conditions than to 
varietal differences. 

The crabs are so universally attacked that it seems un- 
desirable to plant them at all. In choosing varieties of 
standard pears and apples, be governed by the best local 
experience, and by the fruit list as recommended by the 
Board of Horticulture. Then by rational treatment 
bring about those conditions of growth that make the trees 
least liable to attack. If trees are attacked follow the course 
outlined in the preceeding pages, and by persistence eradi- 
cate the disease, or at least hold it in check. 

Of remedial preparations offered for sale I have nothing 
to say. Having stated the cause of the disease, and out- 
lined its manner of work, I leave the probability of cure to 
the judgment of the intelligent reader. 


MECHANICAL INJURIES 


TO WHICH 


PRU RREG So. akk SUBJECT 


The disease we have attempted to discuss is only one 
of the many sources of injury to which our fruit plants are 
liable. Aside from the numerous insect pests which are 
demanding constant attention, we have a long list of para- 
sitic fungi, and certain other mechanical injuries whith re- 
sult from peculiarities of climate. Some of these deserve 
brief mention here. 

The mechanical injuries referred to are commonly 
spoken of as “frost-crack” and “‘sun-scald,” and both are 
referred to a combined action of sun and frost. Most of 
the cases of so-called sun-scald that have come under my 
observation have proved to be cases of blight uponthe trunk 
or large branches. They are characterized by dark, dis- 
colored areas of dead bark, commonly circular or elliptical, 
but sometimes irregular in form, and most frequently, 
though not always on the side exposed to the sun. The 
dead bark as it dries shrinks and adheres closely to the 
wood. 

Frost cracks occur upon the exposed side of the trunk, 
extending longitudinally. They are produced in winter and 
early spring under the influence of extreme low tempera- 
tures, and may, when growth starts close and entirely heal. 
The liability of trees to injury of this character depends 
mainly upon the amount of water contained within the tis- 
sues. Trees that grow late, and enter the winter with wood 
not thoroughly ripened, and hence containing more water, 
are more susceptible to injury than those that are enabled 
to ripen and harden the wood. Even well ripened wood 
contains normally about 4o per cent. of water. Trunks of 
apple trees cut on the fifteenth day of January 1897 when 
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last weighed, on the eighth of January 1898 showed a loss 
of water by air drying of 39.36 per cent. and branches from 
the same trees lost in the same time 42.24 per cent. The 
weights are not yet quite constant, but the figures may be 
taken as an approximate showing of the moisture contained 
in normal tissues in midwinter. But this moisture is not in 
the easily freezable liquid form; it is distributed as a con- 
stituent of cell wall, andin the viscid or solid cell contents, 
and can only be withdrawn and crystalized under the pro- 
longed action of extreme cold. Suppose a tree thus nor- 
mally constituted to be subjected, during the winter or early 
spring, to a period of warm bright weather. The influence 
of the sun’s rays penetrates the tissues, the cell contents be- 
come less viscid, water taken in by the roots still further 
liquifies these cell contents, there’ is movement within the 
cells and they become turgid with fluid sap. A sudden 
change marked by temperatures below zero occurs. There 
isa gradual shrinking of the tissues until the point of 
actual freezing, or crystalization is reached, and then comes 
that familiar and seemingly resistiess expansion. If the 
sap-gorged tissues escaped rupture during the process of 
shrinking they are sure to yield tothe expansive force ac- 
companying congelation. 


This form of injury is usually worse on plums, cherries, 
and peaches, than upon apples and pears. The cracks are 
less likely to heal; they more often increase in size, and the 


exudation of gum is followed by rot which leads to the 
death of the tree. 


With all trees this trouble can be in large measure pre- 
vented by providing some protection against the sun. ‘This 
protection is most needed when the trees are young; as they 
attain size they in a measure protect each other. Various 
devices have been used, but we find wrapping with burlap 
the cheapest and most effective. Burlap that has been 
used for baling was putchased at dry goods stores at two 
cents per pound. One pound supplies twelve strips four 
inches wide and three feet long; and one strip is sufficient 
for a reasonably low-headed tree thrée to five years in 
orchard. The burlap being cut, and strings of proper length 
at hand, one man will wrap the trees at the rate of 60 an 


hour. The cost is thus nominal and the protection afforded 
ample. 


_ , More serious than the the frost crack is that mechanical 
injury which is characterized by a separation of the bark 
from the wood. It has thus far been reported upon apple 


trees only, and most of the cases of which I have knowledge 
occurred in the southern portion of the state. 

The separation between wood and bark in those cases 
examined occured near the ground, and was not noticeably 
confined to any particular side. 

In most cases the bark appeared discolored over a por- 
tion of the separated area, and more or less ruptured as if 
from lateral tension in drying. Between the discolored 
portion and the limits of the affected areas the separated 
bark often appeared perfectly healthy, and in some cases 
new growth was protruding into the space between bark and 
wood. A few cases were found that gave no visible sign of 
injury beyond a slight change from the normal color of the 
bark. There was nothing to indicate the size of the affected 
areas; the bark was smooth and apparently healthy, but 
when struck emitted the hollow sound that proved a sure 
test of the extent of the injury. In cases of this kind it 
would seem that considerable time might elapse between 
the working of the cause and the discovery of its effect, and 
I apprehend that the first evidence of injury would be seen 
in a generally unhealthy appearance of the foliage of the 
tree. Of course, if the trunk was affected to the extent of 
girdling it, the tree would soon die. | If the affected area 
was confined to one side the tree might endure for some 
years, but with vitality diminished in proportion to the 
extent of the injury. 

Where small areas only are affected the tree may by 
the intrusion of newly formed tissue, completely cover the de- 
nuded wood and thus effect a cure. From the location of this 
trouble beneath the bark, and from the tardy appearance 
of any evidence of injury, it is clear that a practical demon- 
stration of the cause would be difficult if not impossible. 
I am not aware that any actual demonstration of the work- 
ing of the cause has ever been made. Since the trouble 
became known its origin has been assigned to the action 
of frost, but there was no tangible basis for the assumption 
until the matter was taken up and critically studied by 
Professor Burrill of Illinois. The results of his observa- 
tions and the theoretical deductions from them were 
presented in a paper before the American Association for 
the Advancement Of Science at the Ann Arbor meeting in 
1885. After explaining frost cracks, and the phenomena 
attending the crystalization of liquids by frost, he says— 
“The second form of injury—especially prevalent in apple 
trees—is believed to be due to the growth of ice crystals 
studding in a close or dense layer, the surface upon which 
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they form. Such miniature forests of crystals can be found 
in green plants even after slight freezing, as well as in rip- 
ened wood in severely low temperatures.” The process of 
crystal growth is further explained as follows: “In the 
trunks of trees the crystalizations begin in any part where 
there is proportionally most pure water. he very process 
of solidification causes, by the law of equal diffusion, a 
movement of water from’ adjoining parts, toward the point 
from which the first liquid (as such) is removed. Hence 
the ice crystals first formed constantly grow, attracting as it 
were the water from neighboring parts of the tissue. This 
erowth of the crystals, associated as they occur in close lay- 
ers, pushes asunder the normally connected tissues.” The 
theory here given being based upon careful observations, 
and being in perfect accord with physical laws has been 
accepted as the true explanation of the trouble under dis- 
cussion. It will be noted that the operation of the theory 
depends upon the presence of fluid sap, and that the greater 
the water content of the tree the more liable it is to injury. 
It follows that the same conditions that protect against 
other frost injuries will protect against this. Fruit grow- 
ers should therefore, use every endeavor to thoroughly 
ripen the wood of the trees before winter sets in and thus 
reduce the liability to injury from frost to the minimum. 


FUNGOUS DISEASES. 


Leaf Blight or Rust of the strawberry. This is a cos- 
mopolitan disease due to the parasitic fungus known as 
Spherella fragaria. While our climatic conditions are in 
general unfavorable for the development of this disease, we 
do occasionally have periods during which it does injury. 
Moisture is necessary for the germination of the spores, 
and the fungus can spread to an injurious extent only dur- 
ing moist and warm weather. The month of June, 1895, 
was marked by prevailing high temperature and frequent 
showers, and during that time the disease did considerable 
damage to strawberry beds about Fort Collins. This past 
season the disease started under somewhat similar condi- 
tions toward the latter part of May, but showers becoming 
less frequent it did no serious damage. 

_All growers are familiar with the purple or red spots 
which mark the presence of this disease. These spots en- 
large and become of a brown color; finally, by the growth 
of the spores beneath, the cuticle is ruptured and they then 
appear white at the center with a brownish ring outside. 
Affected leaves soon turn brown throughout and die. 

l'his loss of foliage saps the vitality of the plant, and if 


the attack comes early in the season it prevents the devel- 
opment ofa full crop of fruit. Ifthe attack comes after 
the fruit has been harvested the plants are weakened so 
that the crop for the next year will amount to nothing, or 
at least be shortened, depending upon the severity of the 
attack. As the mycelial threads of the fungus are within 
the leaf tissues it is apparent that preventive, rather than 
curative measures must be resorted to. The fungus sur- 
vives the winter within the leaf, both by spores and by its 
mycelium. It follows that the destruction of infested leaves 
in the fall is important as a means of holding the disease in 
check. The practice of mowing the old leaves after the 
fruit has been removed and then burning is not to be rec- 
ommended because it sometimes results in injury. It is 
better to rake the leaves off the bed for burning and then by 
cultivation and the application of ferlilizer induce a vigor- 
ous new growth preparatory to fruiting the next season. 

The simplest and most effective way of controlling the 
disease is, however, by spraying with any of the standard 
fungicides adapted for application to foliage. The following 
have been successfully used. Hyposulphite of soda, one 
pound to ten gallons of water, applied every ten days. 
Modified “Eau celeste’ made as follows—Dissolve one 
pound copper sulphate in two gallons of water; in another 
vessel dissolve one pound of Sodium carbonate; mix these 
two solutions and when chemical action has ceased add’ one 
and one-half pints of ammonia. Dilute to 25 gallons. Am- 
moniacal copper carbonate made by dissolving three ounces 
copper carbonate in one quart of ammonia, and diluting to 
25 gallons. Three or four applications of the copper solu- 
tions are usually sufficient. 


ORANGE RUST OF BLACKBERRIES AND RASPBERRIES. 


This disease has been reported from Arvada and 
other places near Denver, and has been present here in 
Fort Collins for the past three years. It has not been 
particularly destructive, but the damage done is sufficient 
to warrent a word of caution. Eastern growers have in 
many places suffered severely from the disease, and it 
would be well to profit by their experience and_use every 
effort to exterminate it. The cause of this disease is a 
true fungus(Caoma nitens) which has been known under 
various names since 1820. 

Its presence has been reported from nearly every state 
east of the mountains: it is common in Canada, and is also 
known in Europe. Apparently it is confined in its work to 


plants of the one genus-Rubus, but has been observed on 
nearly every species of the genus. It works on wild as 
well as on cultivated plants, and appears to prefer some 
species to others. As between the dewberry and the black- 
berry it works most upon the dewberry: and between the 
black and red raspberries the blacks are more susceptible 
to attack. The disease also shows choice of varieties: 
thus the Kittatinny and the Erie blackberries seem much 
more susceptible to attack than do Snyder and Wilson. 

The presence of the disease can be detected quite 
early in the spring in the tufted slender shoots which are 
produced, and in the glandular appearance given to some 
of the new leaves by an early and little understood spore 
form which the fungus produces. Later, about the first of 
June the A®cidium or cluster cup spore formation may be 
looked for. The cluster cups first appear as small raised 
spots covering the under surface ofthe leaves: soon the skin is 
ruptured, the cups containing the spore masses protrude, 
and then we have that characteristic appearance which sug- 
gested the name orange rust. 

This, the fruiting stage of the fungus is conspicuous, 
and cannot fail to attract attention, but it is not all there is 
to the plant. 

The vegetative portion consisting of very minute threads 
which ramify through the plant, and which must develope 
before spore formation can take place is not apparent to 
the naked eye: it gives no sign of its presence except by 
inducing the tufted growth of slender shoots. 

It will readily be seen that this vegetative portion of 
the fungus is beyond the reach of any curative applications 
that might be made. It is secure within the tissues of the 
plant, and since it has been proved that the threads extend 
into the roots and are perennial, we are led to the conclusion 
that our only course is to completely destroy the infested plants 
Spraying has been recommended asa protection against 
the spreading of the fungus by the spores, but spraying will 
be unnecessary if the plants are carefully watched and the in- 


fested ones removed before the dissemination of spores 
begins. 


ANTHRACNOSE OF THE RASPBERRY AND BLACKBERRY. 


__ In 1896 canes of black-cap raspberry infested with this 
disease were sent us from near Denver. From the fact 
that nothing has been heard of the presence of the disease 
since, we regard this as an isolated case introduced, in all 
probability, on plants from some eastern nursery. The 


dryness of our climate is not favorable to the development 
of this disease and we apprehend no serious trouble from it; 
but as it is liable to appear at any time on introduced stock, 
it may be well to dwell briefly upon its characteristics. The 
cause of the disease is a fungus (Glcoeosporium venetum) 
and Professor Burrill of Illinois is credited with publishing 
the first account of it in 1882 under the name Raspberry 
Cane Rust. The disease appears to be confined to the 
blackberry and black-cap raspberry. As with the orange 
rust the vegetative threads of the fungus ramify within the 
plant and are perennial. The first evidence of the pres- 
ence of the fungus is seen in small, purplish, circular or 
elliptical spot on the canes near the ground. As the canes 
grow the fungus ascends and the spots appear at intervals 
even to the tips of the canes. The spores are formed about 
the centers of these spots and as they push outward the 
bark is ruptured and curled back. The spots then appear 
grayish white with a purplish border. Often several spots 
may coalesce forming irregular patches. While the princi- 
pal work of the fungus is on the canes, it is not wholly con- 
fined there, but may appear on the petioles and veins of 
the leaves. The nature of this fungus suggests the cutting 
out and burning of all canes seen to be affected. Asa 
preventive measure it is recommended to spray, as soon as 
the canes are uncovered in the spring, with a solution of 
sulphate of iron, two pounds to five gallons of water, to be 
followed later, if the disease appears, by an application of 
the Bordeaux mixture. 
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SUGAR BEETS IN COLORADO IN 1897. 


W. W. COOKE AND WM. P. HEADDEN. 


_ During the past few years the interest in the growth of 
sugar beets has largely increased. The Colorado Experi- 
ment Station has for many years been encouraging their 
growth in Colorado, but the work of 1897 was conducted on 
a larger scale than any previous year. The United States 
Department of Agriculture at Washington gave the Station 
five hundred pounds of beet seed for conducting the trials, 
and the Station also received two hundred pounds from A. 
Keilholz, Quedlinburg, Germany, through his United States 
agent, F..G. Zimpel, New York City... The government 
seed was the Kleinwanzlebener variety, imported by the 
Oxnard Beet Sugar Co. and sent to us from Norfolk, Neb- 
raska. The seed from A. Keilholz was the Imperial White 
variety. 

With this large amount of seed on hand, it was deter- 
mined to extend the experiments over all the agricultural 
sections of Colorado. | Notices were inserted in the news- 
papers of the State, to the effect that the station would send 
the seed to those that applied for it, and who would promise 
to take good care of the crop and.report results in the fall. 
Applications were received from and seed sent to six hun- 
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dred and eleven persons, representing forty-seven counties, 

One pound of seed was sent to each person, accompan- 
ied with acopy of a bulletin giving full directions for the 
planting and care of the crop. How the directions were 
carried out will be noted in another place in this bulletin. 

The seed was sent out in April and early May. About 
the middle of June a circular was sent to each one who had 
received seed, asking for information as to the planting of 
the crop. A copy of this circular is given later in this bul- 
letin. 

Of the six hundred circulars sent out, less than two 
hundred and fifty were ever returned, showing that not half 
of those who applied for the seed really desired to ascertain 
whether or not they could grow beets fit for sugar purposes. 

When the time came in the fall for taking samples of 
the crop for analysis, it was deemed best that some at least 
of these samples should be taken by a representative of the 
Station so as to know better than it could be told on any 
blank, the exact circumstances under which the crop was 
grown and its condition at the time the samples were taken. 
With this object in view, the agriculturist of the Station 
visited about forty farrns situated east of the range, secured 
samples of the beets, and made full notes of the conditions. 

When the work of the season was planned it had been 
hoped that the new chemical laboratory of the college would 
be completed in season, so that mostof the beets could be an- 
alyzed in Fort Collins. Owing to unavoidable delays, this 
building has not even yet beencompleted, andin the crowded 
condition of the old laboratory still in use, it was found 
impossible to make many more analyses than were required 
by the tests of beets grown on the college farm. 

In this predicament, the Secretary of Agriculture at 
Washington came to the rescue, and through his kindness, 
nearly all the samples taken of beets grown outside of Fort 
Collins, were analyzed at Washington. 

It was soon found that to get samples enough to fairly 
represent the different parts of the state would require more 
time than any representative of the Station had to spare, and 
therefore the first of October a circular was sent out asking 
those who had grown sugar beets to take samples and for- 
ward them direct to Washiagton. 

At the same time there was sent to them from Wash- 
ington, blanks for describing the samples and shipping tags, 
so that the beets could be sent by mail free of postage. 


Below are given copies of the two papers sent from 
Washington. 
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UNITED STATES DEPARTMENT OF AGRICULTURE, 


Wasuincton, D. C., August 15, 1897. 


Directions for Taking Samples of Sugar Beets for Analysis. 


Prepared by H. W. Witey, Chief of Division of Chemistry. 


When the beets appear to be mature (September 15 to 
November 15, according to latitude and time of planting) 
and before any second growth can take place, select an 
average row or rows, and gather every plant along a dis- 
tance which should vary as follows, according to the width 
between the rows: 


From rows 16 inches apart,length 75 feet. 
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The beets growing in the row, of the length above men- 
tioned, are counted. The tops are removed, leaving about 
an inch of the stems, the beets carefully washed free from 
all dirt and wiped with a towel. Where the row is not long 
enough to meet the conditions, take enough from the ad- 
jacent row or rows to make up the required length. Rows 
of average excellence must be selected; avoid the best or 
poorest. Throw the beets promiscuously in a pide and 
divide the pile into two parts. This subdivision, of one- 
half each time, is continued until there are about ten beets 
ina pile. From these ten select two of medium size. Be 
careful not to select the largest or smallest. 

From all the rest of the beets, save these two, the necks 
are removed with a sharp knife at the point indicated by 
the dotted line in the figure. The beets, including the two 
saved as a sample, are then weighed. 

The number of beets harvested multiplied by 435.6 will 
give the total number per acre. The total weight of beets 
harvested multiplied by 435.6 will give the yield per acre. 
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Wrap the two sample beets carefully insoft paper, and 
write your name legibly thereon. The beets must be per- 
fectly dry. Fill out blank describing beets, enclose in the 
envelope, and sew up in bag with beets. Sew the beets up 
in a cotton bag, attach the inclosed shipping tag thereto, 
and send by mail. 

No beets will be analyzed which are not sampled as 
described above and properly identified.. 

Miscellaneous analyses of samples without accurate 
description are of no value. 

Blanks are sent to each one for two sets of samples. 
From two to four weeks should elapse between the times of 
sending the two sets of samples. 

If additional analyses are desired other blanks will be 
sent on application, but not more than four analyses can be 
made for any one person, except in special cases. 

A model, showing how blanks should be filled out, is 
inclosed. 
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DESCRIPTION OF SAMPLE OF SUGAR BEETS. 
Prepared by H. W. Wixry, Chief of Division of Chemistry. 
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Notrs—Samples of beets will not be analyzed unless accompanied with this 
blank filled out as indicated in model B. 
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The first samples were taken September 13, when the 
crop showed no signs of ripening. Several samples were 
taken during the next week and quite a number on Septem- 
ber 24 and 25. In every case the beets were found in full 
growth and far from ripe. Analyses of these samples showed 
them to be low in both sugar and purity. 

Of thirty-three samples taken, only two were found that 
were above twelve per cent in sugar and also above eighty 
per cent in purity, this being the ordinary standard adopted 
by sugar factories for merchantable beets. Four other sam- 
ples showed below eighty per cent purity, but enough above 
twelve per cent sugar to make them of value for factory 
use. 


In the following table the results of these early samples 
are omitted as the crops evidently, were too green for har- 
vesting. Many of these fields were again sampled later in 
the season and the results of the second set of samples are 
given in the table. 

Several statements need to be made in regard to these 
tables. They are intended to represent ripe crops. Be- 
sides the samples just mentioned, quite a number of other 
analyses were omitted when it was know that the crops 
were not ripe when the samples were taken. All analyses 
of ripe crops are entered, even though the analyses show 
that the crops were unfit for factory use. 

These tables represent the character of the beets that 
were received for analysis, at the time they were received. 
It does not necessarily follow that they represent a fair 
average of the field from which they were taken or that when 
received at the labratory they'were in the same condition 
as when pulled in the field. A great many of the samples 
were not taken by employes of the Station and we have to 
trust to the judgment of the person sending the sample, that 
it correctly represents the field. The greatest single chance 
for error isinthe drying out of the sample between the 
time it is pulled and the time of analysis. In some cases 
this would increase the analysis, while in others, through 
fermentation of the beets, the results would be lowered. 
The instructions say clearly to wrap the beets carefully in 
paper in order to keep from drying out, and where the in- 
structions have been followed the results are closely correct. 
But some samples have been received in bad shape. Indeed 
the analyses of some fifteen or more samples have been 
omitted from the tables because the samples themselves 
showed that they had dried out to such an extent that their 
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ryan did not represent the beets as they stood in the 
eld. 

For the purpose of this bulletin, the State has been 
divided into five sections. 

1. The valley of the South Platte and its tributaries. 

2. The Divide, south of Denver where crops are raised 
without irrigation. 

3. The valley of the Arkansas. 

4. The valley of the Grand. 

5. LheSan Luis Valley. 

Under each section the samples are given in the order 
of time that the beets were dug, since it is found that this 
factor has been more powerful than any other in determin- 
ing the quality of the beets. 

1 the seed used was Kleinwanzlebener except the 
samples double starred which are Vilmorin and those 
starred which are Imperial White. 


PEAT FEV ALES 


Date when| Average ; Weight 
No | Name. Address. eye big tes Sugar. | Purity. or pee 
analyzed. 
Ounces. |Per cent.|Per cent.| Tons. 
1 |CM C Woolman..... Sterling Sept 18 il 14.5 16 
2 “s Ae Sterling Se 18 ) 12.5 76.3 16 
Sam AC Marka. ered se Sterling eels 18 13.2 86.0 9 
4 LB RObINSON.. 2-52 Fort Morgan | ‘‘ 29 20 13.3 82.8 #9, 
5 |S M Scott.............] Fort Morgan Se og 13 16.1 81.3 8 
GME PAU DAVIS s ccc ta.a'cictets Berthoud |Oct 2 21 13.9 81.6 29 
7 |C A Caykendall....... Loveland a. 3 22 14.4 78.7 30 
SU RAMP wight... 56 ssc. 8 Boulder ce 4 24 13 77 29 
9 ie Inbar g ews Gone Gresley ye BY 40 13.4 87 40 
10 |J W Bacon ** Upland) [Longmont eae! 15) 63 14.6 81.4 21 
TW |) CRE eo ck eae “ 91155 15 15.4 21 
12 eo“ %*%* Lowland e Sal 26 12.5 76.2 22 
rey jy ees * se “== if 19 14 82.1 Ope 
14 |D M Lambert......... Bellevue +20 14 15.5 76.4 
15 |Fred Greve........ Crook bagel 5) 18 16.5 15 
16 |Chas Johnson......... Atwood : 20 14 15.2 82.4 1k 
AT Eg LETUC yee steice oasicsice Highl’nd Lake} ‘S 20 27 16.2 85.9 
ig |W S Simpson......... Fort Morgan | ‘“ 28 19 16.1 20 
19 |W W Remington...... “ eal} 29 13.7 80.4 25 
20 |J A Davis.............]| | Berthoud 28 28 16.7 84.5 35 
21 |F M Wright.......... s ** 80 20 14.1 77.5 10 
90mn| CACOLNelUBaty.6 sreiven« Lafayette |Nov 1 28 14.3 aiden 30 
9m CO RGCU wet icmseiies Orchard e 1 138 16.1 82.8 47 
24 |S M Scott.............| Fort Morgan | “ 1 15 15.6 80.4 12 
ORM wtlatchaness sence: Sterling < 1 43 1on7 75.6 23 
26 ue LarAte WO) wile lib esesteterstetsrss Boulder 4 16 18 84.3 81 
27mm \ DOC NOMAG yt iesta. aay Lafayette PB} 29 20 86.4 36 
2 Pil st se TEN 73 14.4 80 
29 |W M Post............ Fort Collins} “ 9 25 13.3 74.4 18 
30 ;T R Baldwin.......... Bijou Basin |Oct 15 20 12.7 73.1 
31 |Alfred Johnson...... Atwood Nov 12 19 15.3 83.3 
SOM OA. DAVIS, weceineeeiancle Berthoud 2) 7 15.5 88 
GEY OM6 Ishrbnl oe Sande cone Fort Lupton ! -“‘ 8 19 14.5 80 
34 |Fritz Neimeyer....... Evans Me 6 74 14.2 81.2 
roe pe bet eichcricn rt anal 58 12.6 78.3 
aia Die PP seta zs a6 41 11.5 81.8 


Pounds Date of Date of 
No oe of seed | Stand. |first cul- ore OE first irri- Remarks. 
8-|per acre. tivation,| “2708-1 cation. 
1 | May 22 Thick | June15 | July3 | July 1 |Black heavy loam. 
3 Sameas} No.1 
3 June 10 Good July 10 First crop on new breaking 
/ bottom land, 
4 | May 5 Thick May 25 | June 29 | May 14 |Rich garden soil manured ’97 
5 | May 15 Uneven July 15 | June 25 |Sandy loam. 
6 | April 20 10 Thick June 2 | June 6 | June 24 |Sandy,with clay subsoil; broke: 
ground May 28. 
7 May 27 4 s Rich bottom,irrigated 3 times. 
8 | May7 - June 15 Clay soil, manured in 1897. 
9 | May 10 q s July 15 | July 10 | Sept5 | Black bottom land, irrigated 
only once. 
10 May 20 3 Good Heavy loam, 
ae - Sameas| No. 10 
12 oh? 3 Good On bank of river, considerable 
alkali. 
13 Sameas} No. 12 
14 May 23 4 Thin June 25 Light mountain soil. 
15 | May 10 Thin Sandy loam; subirrigation. 
16 | May 24 16 Thick June 26} June 12 | First crop on new land; plow- 
ed three inchesdeep. | 
17 | Junel very poor July 2 |Land irrigated before plowing 
18 | May 15 20 Thick May1 | June 1 | June 15 |Medium heavy soil; irrigated 
. three days before planting. 
19 | May 22 10 Medium Never Late  |Irrigated by flooding, no after 
cultivation. 
20 | April 20} Sameas} No. 6 Still growing October 28; ma- 
nured 1896. MS 3 
21 | April 27 6 Poor June 10 Rich clay soil; seed irrigated 
: up; manured 1896. _ 
22 | May 1 15 Fair June 10} June15 {Sandy with clay subsoil; ma- 
t nared 1897. 
23 | May 10 20 Thick Sandy soil; seed irrigated up, 
Broken 1896. 
24 Sameas} No.5 
25 | May 15 8 Thick | June10} Never Alkali ground; seed irrigated 
J up; manured 1897. 
26 Same as| No. 8 
27 | May 8 Thick Manured 1897. 
28 Same as; No. 27 
29 | May 5 15 Medium] June 15] June 28 | June 21 |Mountain soil; manured 1897. 
30 | Junel 4 Medium Never |Very sandy loam. 
31 | May 24 11 Fair June 13 | July 2 New land; seed irrigated up. 
32 Sameas| No.6 
33. | April 20 Thin May 20 | Aug 15 Never |Watered by seepage from 
reservoir; sandy loam. 
34 | May 26 June 20 Sandy loam; manured 1897. 
35 Same as| No. 34 
36 Sameas| No. 34 


DIVIDE, SOUTH OF DENVER, WITHOUT IRRI- 


Date when| Average . Weight 
No. Name. Address. sample | weight of} Sugar. | Puritty. Jof crop 
was dug.| the beets per acre. 
analyzed. 


Ounces. |Per cent.|Percent.} Tons. 
6 14.7 


87 |C H Clark............] Eastonville |Sept 12 

88 |F Holkowiez ........] Elizabeth |Oct 1 14 13.1 71.5 22 
39 |Alex Brazelton....... Elbert st 2 18 13.4 77.9 9 
40 |Geo H Stein.......... Fondis 13.6 80.3 

41 |J D Steves..:... 23... Parker < 5 12 12.8 69.5 

42 |W B Quein............ Hilltop iM 9 22 15.7 85.5 17 
43 |Alice H Kent......... Kiowa 26 11.6 87.7 

44 “ Sign koe our st 28 16.9 83.9 

45 |S H Rasmussen * .... PS ite 5) 19 13.3 76.0 

46 . w one Se eas 6 it 10 15.0 

47 |H C Hansen * ....... So ahah) 0 8 17.0 10 
48 te oe “2 ouenctio ote as ore 12 rept 10 
49 |Mrs John Underhill * Fondis so ih 9 18.7 

50 |D C Dormer * ....... Castle Rock} “ 15 18 18.7 78.4 

51 (Chas Shedd........... Otis so 1120 li 18.8 18.4 

52 {Wm Duffy ............ Fondis seeel 26 15.3 76.2 

53. |G H Ellicott.......... Ellicott | “ 30 38 14.2 80.1 

54 |Miss H S Jones...... Elizabeth 12 16.7 1507 

55 |D C Dormer * .......| Castle Rock |Nov 14 27 18.6 81.2 


ARKANSAS VALLEY. 


56 |Sidney Flinn.......... Caddoa Oct 


8 18 14.7 
57 sf CONES Beaneaen s * 3 20 19.4 
58 |M D Parmenter ...... Lamar s 6 15.0 78.5 
59 |C G Anderson........ Eldred ss 7 14 12.4 75.6 


60 |J W Jamescn * ...... Howard ee a) it 13.8 80.1 12 
61 |B F Wyckoff.......... Rocky Ford | ‘* 15 35 18.5 79.3 

62 |C G Anderson........ Eldred Sages: 19 16.0 84.8 13 
63 |B F Wyckoff..... see eocky: Ford | 598 24 12.7 78.7 40 
64 |W F Crowley......... oO as Nov 5 84 14.4 84.3 81 
65 |C K*McHarg.......... Pueblo ss. 48 16 20.2 85.9 24 
66 |M D Parmenter ...... Lamar | Sees 19 17.1 88.9 40 
ee | WY ne eS ss 


17.8 
72.8 


15 26 12.4 
68 oe be “ iy 


mis sloremiae 15 84. 12 
69 |B F Rockafellow.....| Canon City Snag | 84 


17.0 27 


a ee 


Pounds Date of Date of 
Date of Date of BAe 
No. . of seed} Stand. |first cul- first irri- Remarks, 
planting. per acre. tivation. thinning. gation. 
37 May 20 20 Thick Never /Black sandy soil. 
38 | May17 20 Thick | June 20 | June 20 “ Second crop from sod; daily 
rains Sept 16 to Oct 1 
39 | Mayl1 12 ML July 15 | July 15 Sandy bottom land; manured 
40 | April 28 6 bed May 20 |} June 25 se Sandy loam; 2d year from sod. 
4L “oe 
42 May 2 8 Thin May 26 | May 26 ¥s Black sandy loam; second 
¥ erop from sod. 
43 | Apr 29 2 Thin May 27 | Junel Ss Black sandy loam; manured 
1897. 
44 Sameas | No. 43 
45 | May 15 6 Thick | June 25 | June 25 e Firm sandy loam, 
46 Sameac| No.45 cS 
47 May 15 5 Thin June 20 | June 29 Black sandy loam. 
48 Sameas | No, 47 ce 
49 | June 1 8 Thick | June 18 Me Black sandy loam, 
50 | May 20 4 se High prainie soil with a little 
adobe. 
51 | May 20 12 Thin July 5 | July 18 Sand with clay: manured 1897. 
52 2 Never os Sandy loam; broken in 1896. 
53 | May 15 8 7 Light sandy loam. 
54 | dunel Thick July 10 ae Sandy loam; manured 1896. 
55 Sameas | No. 50 i 
56 | May 25 Fair June 3 June 26 |New ground, paths heavy; 
seed irri gated u 
57 Same as} No. 56 From a dryer part of the field. 
58 | Junel Thin June 10 | June 28 | June 14 |Sandy soil; mauured 1897. 
59 | Mch 25 10 Aprili3 |} April 15 |. April 20 |Black sandy loam. 
60 | June 3 10 Poor | June18 | July4 | June 15 /Light sandy soil, 
61 | April 30 20 Good | May20 | May 20 | May 10 (Clay soil, with some grit. 
62 Sameas| No. 59 
63 Sameas | No. 61 
64 | May 19 Good | June 10 |} Never June 28 |inclined to clay soil with 
: 4 some alkali, 
65 | May 10 i) Medium |} June 15 | June 26 | June 15 |Sandysoil, second year from 
breaking. 
66 Sameas | No, 58 No late irrigation. 
67 Sameas| No. 58 | Medium !ate irrigation. 
68 No. 58 Irrigated late in the season. 
69 | May 8 24 Thick | June? | June7 | June2 |Adobe soil; manured 1897 seed 
irrigated up, 


Address eas woul a Sugar. Purity. ae 
No. Name. Was cane: pees per acre, 
Cunces. |Per cent./Percent.| Tons. 

70 |Ira D Hale............| Rocky Ford |Nov 20 35 3.4 77.3 17 
a1 o “ a (e220) 16 17.3 

onl) tenner Len erase eng Lamar 1 10 16.5 75.5 25 
73 “ “ Bb os is 12 15.9 25 
74 “ “ as rr S10 15 14.7 85.4 

15 “ “ C. 10 16 144 81.0 

GRAND VAIIEY: 

M6w \ievae WVakCea. create Debeque Sept 15 39 11.9 18.1 | 20 
Tie I(DiG Hdgerton *\ 5.5: Carbondale Sets: 10 14.4 82.5 | 18 
78 \H L Edgerton * ..... ss So els 9 15.4 | 14 
79 E SUOsouriie sea een: Satank Oct “A 11 14.1 78.0 | 

SOM Wise Simmitht tan-teten ett Cardiff Ea 6 17.3 86.0 | 

ui MU aveysial abate qa asa onan Glenw’d Spr’gs| “ 1 19 13.3 83.0 

82 |Mrs M H Lafever .... Eagalite " i 22 17.0 88.1 / 

.83 {CO R Thompson .......|Glenw’c Spr’gs| 2 9 13.8 77.0 

CUR Gubigewellescoommccal” Carvonddie toa me 20 12.2 81.0 

85 )C. B Sewell... 0... <j. ve % 3 13 18.5 
CON 10s lu OMRAST wine ects > “ egy itil 13 16.1 85.9 14 
87 |D G Edgerton.... .-. st te 12 21 12.5 83.0 16 
SS Ce Marrisis ssi: sa. Catherin se B12 13 17.4 85.0 
‘89 |E Stanffacher......... ‘i ss Saf} 16 15.6 81.2 

90 |Wo Gardner ......... Satank leat, 10 19.0 86.9 

91 IE E& Westhafer........ ee 28 18.9 84.9 

PS AKO) DUI RUNES Tele? as on eee Parachute Rayan) i 15.2 19.9 42 
ORT ena VViGE Cure oan water Debeque fam P12, 18 17.6 86.0 15 
94 |Geo Siever............|Glenw’d Spr’gs} ‘* 15 18 15.0 80.1 

SFB | Cpe MOL Sy eles ecceee * 5) 17 14.9 83.0 

Gi) 4A ie ISRO ie Asie Bearing 7 me aS 12 16.8 85.4 

97 |B M White. : 10 15.2 

GS ACN ERMU Pos deadinges Peachblow on eal) 14 14.5 81.7 15 
OOM Gyrus) KGnecee. ee Antlers saa 20 14 6 88.0 

100 |J I Thomas......:... y Nov 15 14.0 74.0 

SAN-LUIS VALLEY, 

101 © M Thomas, .....%... Monte Vista |Oct 1 11 13.4 17.5 if 
LO BeGole its ls wale Alamosa |Sept 28 uv 11.5 80.5 23 
108 |Mrs H © Hefner. Mosca 12 15.9 86.9 


Pounds Date of Date of 
No. | Date of of seed | Stand. jfirst cul- Date of first irri- Remarks 
planting. per acre. tivation. |Hhinning. gation. ; 
| | | 
| 
70 | May 10 | Thick | June5 | June i | May 25 |Sandy loam, 
ek Sameas | No. 70 
72 May 25 Good June 20} Jane 25 | May 28 |Hard soil, 
73 M:y1 | Thick | May 25 Junel0 | May 28 |Sandy loam, 
74 |Sameas | No. 73 
75 | Same as | No. 72 
| 
| 
16 | May 15 | | Thick | June10 | June 10 | June10 |Sandy loam, manured 1897; 
| seed irrigated up. 
7 May 15 8 Poor June 24 | June 24 | May 25 |Black sandy loam; manured 
: 1897; broke ground June 1. 
78 May 1 16 Thick | May 30 | June15 | June1 |Clay loam, heavily manured 
| 1896 and 1897. 
79 | May 10 June 6 Red sandy loam. 
80 | May5 | 70 Medinm } June 10 | June 15 | May 25 |Sandy loam. 
81 May 20 June 15 Sandy loam, 
82 | May 3 4 Thick ; June15 ; June 19 | June 15 |Sandy_ soil. manured 1897; 
| daily rains Sept. 15-30. 
& | May 16 | June 7 Sandy loam. 
84 | May 16 32 Thick | June10}| July 7] June 1 pends Tea heavily manured 
1397. 
85 Same as| No. 84 
86 | May 2 | June‘15 | July 1 Sandy loam heavily manured 
1897. 
87 Sameas | No. 77 
88 May 1 Thick May 25 | June 20 Yellow sandy Joam; seed irri- 
gated up. 
89 | May 26 Good July 10} July 10 |Gypsum soil. 
90 | May 20 June 25 Red sandy loam. 
91 | May 28 Thick | June 22 | July 10 | June 20 |Very sandy soil. 
92 | June 6 June 20 | Never | June 21 |Heavy sandy bottom land. 
93 Same as| No. 76 
OL | May 14 June 27 
95 | May 1 13 Thick May 25 Red sandy loam. 
96 
97 | | 
98 | May 20 20 Giol ats. 
Sandy loam; seed irrigated up 
99 | May 15 5 Thin | Janez8 | July 2} June 6 injured by hail. 
Alluvial soil, seed irrigated 
100 |June 20 up; manured 1897. 
Sandy loam. 
101 | May 12 June 15} Sub |Rich sandy loam; heavy rains 
before digging. 
102 Alkali soil. 
1038 | May 25 Thick June 14} July 15 Sandy loam; seed irrigated 
up. 


— 


-——][6— 


Date when} Average Weight 
No, Name. Address. ee Hn. Te pelahe of Sugar. | Purity. a a oe 
analyzed. 
Ounces. {Per cent.|/Per cent.| Tons. 

104 |David Albright.......]/Poncha Spr’gs/Oct 4 29 13.6 79.5 16 
105-71) W A Lockett: ..0.5...0. Saguache ee 7 10 16.5 11 
106 |S L Pierce............ Montevista ty 0 7 17.3 14 
dO7 | Chas Milne. soci ccc La Jara ao A2 38 13.4 78.7 83 
LOSI | MOB MN COltie de rtcmeees Alamosa u 13 9 15.7 718.9 
LOOP NGG Shaw. ..0)s\<s<ae- 2 ey” 14 17.9 85.9 81 
110 |David Albright......./Poncha Spr’gs} “* 25 16 17.4 19 
His | Chas Malnes.-c. 00s. La Jara Soe AS 31 16.4 84.3 33 
Zia MOB Colt re se. ance Alamosa |Nov 3 25 16.1 83.6 23 
113 |G J Stafford * .......| Montevista iy 5 Gh! 13 12.4 76.5 10 
114 |Mrs H C Hefner...... Mosca 13 16.3 84.6 
115 |W G Bradshaw ....... Alamosa |Oct 25 89 14.2 74.2 9 
116 ye Lhe ne te Aes se se 25 38 11.9 70.6 , 
LL Wr Cross)... * 34 18.4 74.5 

118 |C M Thomas ......... Montevista eo 33 15.0 81.9 

119 ATK Deitrich |... - < | ee L0. 17 | 17.6 | 84.1 18 

OTHE RVPARTS OF VEbSs i a: 

120 |Geo H Hammond....| Hotchkiss {Novy 15 28 15.5 | 76.7 20 
Pll (BU diel BYLINE 2a Acero Craig 10 19.0 81.2 

122 ss Gg | gaara ee RE 18.6 

123 |Chas A Barnes ** ..... Delta : 10 16 18.6 84.3 

124 |\ChasR) Peter-ss.0c-.< +. Holyoke {Oct 4 61 11.4 Vinee 

125 . Ue ene cratcicr ee ns ef 4 37 14.7 70.0 


No. | rate, [of seed 
per acre. 

104 | May 9 138 

105 | May 15 10 

106 | May 20 

107 May 8 

108 

109 | May 20 2 

110 Same as 

Lil \Same as 

112 Same as 

113 | May 5 8 

114 Same as 

115 May 24 16 

116 Same as 

117 | June 2 4 

118 Same as 

119 May 10 15 

120 

121 

122 

123. | May 25 

124 | May 1 6 

125 Same as 


Sede test ok: 
tivation. 
Good 
Fair :; 
Thick | June 25 
Thick | June 1 
Uneven | July 2 
No. 104 
No. 107 
No. 108 
Thick | June 1 
No. 103 
Thick | June 24 
No. 115 
Uneven} July 1 
No. 101 
Thick | July 1 
Good } June 20 
Thin June i 
No. 124 


Date of| Date of 


bens first irri- Remarks. 
thinning. gation. 
Rather sandy; heavily man- 
ured; seed irrigated up. : 
June 16 |Sandy loam. 
June 10 Sandy loam; manured 1896 
June 4 Sandy loam; manured 1897; 
seed irrigated up. 
Adobe soil. 
July 2 Black sandy loam; seed irri- 
gated up. 
June 15 Sandy soil, manured last three 
years; seedirrigated up. 
July 1] July 3 |Dark yellow soil and gravel. 


July 1 Clay: manured last two years; 
seed irrigated up. 
June 15 Sandy soil; fifth year continu- 
ously in beet. 
Sandy loam. 
\ 
July 1) June 1 |Sandy soil; new breaking. 
June 20; Never \Sandy loam; manured 1897. 


== = 


TIME OF RIPENING. 


From the standpoint of the manufacturer, the date at 
which the beets become sufficiently ripe for use, is one of 
the most important parts of the problem. A beet sugar fac- 
tory costs several hundred thousand dollars. At the most, 
it can work but abouta third of the year and must be idle 
capital the rest of the time. In the climate of Colorado, it 
would not be safe to calculate on running later than the last 
of January. Ifthe factory should start the first of October, 
it could have a run of a hundred and twenty days. Every 
day before the first of October that it could run would in- 
crease the amount of beets that could be handled and the 
profit on the whole investment. Asthe net profits of a well 
conducted factory are more than tive hundred dollars per 
day, every additional day is of great importance. 

The results given in the foregoing table throw much 
light on the date at which sugar beets in Colorado may be 
expected to ripen. 

In the valley of the South Platte, north and northeast 
of Denver, the samples taken in September showed conclu- 
sively that the beets were not yet ripe. Buta great change © 
takes place in the last days of September and in the first 
week of October. The average of the samples taken be- 
tween September 25 and October Io is 14.1 per cent sugar 
and $0.7 per cent purity. . This 1s, an .excellentmerades. 
beets for factory use. Hada factory been in operation in 
the valley of the Platte during the season of 18907, it could 
have started up about September 25 with beets running over 
thirteen per cent in sugar and about eighty per cent in pur- 
ity. It is not meant by this that all the beets raised in the 
valley had reached that average at that date, but that on 
the three to four thousand acres of beets that would be 
grown fora factory, there would have been enough beets 
ready by September 25 to have kept the factory running 
until other beets ripened. 

This is a very important matter and cannot be too care- 
fully considered. To get the crop ripened is the principal 
aim of the beet grower since it isin the last stages of growth 
that the beet forms most of its sugar, and it is only when 
the beet becomes ripe that the juices become pure enough 
for profitable manufacture. 

_. Several factors come in to influence the ripening 
Om thersigar beet. The mostimportant is this that the 
beets shall keep growing all the teme from the sprouting of the 
seed until harvest. A\l of the directions given for the plant- 
ing and cultivation of the crop have this object in view; 


because if this is attained, both the quantity and quality of 
the crop are almost necessarily correct. 

If the beets receive no set back, they makea large 
growth, ripen early, and at the end of the growing season, 
get rid of much of the impurities in the juice, and store up in 
the root a large amount of pure sugar. If, however, for 
any reason the growth of the beet is checked, even for a 
few days, the ripening is delayed for a much longer period; 
if the check is severe the beets will never ripen, but start a 
second growth that will keep on growing until killed by the 
frost. 

Provided the beet grower has given the proper care, 
the actual date of ripening will then depend on several con- 
ditions, some of which are beyond his control. If the 
ground is.very rich it will tend to increase the size of the 
beets and retard the time of ripening. But an important 
fact is to be remembered in this connection. No matter 
how rich the ground is, if the beets are properly cared for, 
they will eventually ripen and be all the better, both in 
quantity and quality for the abundance of plant food that 
has been at their disposal. But the richer the ground is 
the easier itis to start asecond growth and produce an 
enormous weight of crop of a poor quality. . 

- An abundance of moisture in the soil retards the ripen- 
ing of the beet, so that if the fall is unusually rainy the crop 
will be late in maturing. In Colorado it is true in general 
that the crop will not ripen until the vigor of the growth 
has been checked by frost. 

The fall of 1897 in northeastern Colorado was excep- 
tional, in that the frost held off two or three weeks later 
than usual and more than the average amount of rain fell. 
If, then, under these adverse natural conditions, a fac- 
tory could have started September 25, it is fair to presume 
that under average conditions it could have begun opera- 
tions several days earlier. 

In this connection it is important to note the fact that 
on September 18, there were found at Sterling, two fields of 
beets that were fully ripe, weighing ten and sixteen tons of 
beets respectively per acre, and the beets of.a good quality 
for factory use.. This'shows that with extra good care 
‘these beets had been brought thus early to merchantable 
condition in spite of the unfavorable weather. What these 
‘two men did, otherssimilarly situated, could have done by equal 
‘care. Both of these crops were on medium to light soil. It is 
probable that no one ona heavy clay soil could have brought 

' the beets to ripeness by'this early date. 


But one other factor remains to be noticed in regard to 
the ripening of the crop. All of the beets. in northeastern 
Colorado were grown from seed imported from Germany. 
The experiments conducted at Lehi, Utah, make it probable 
that by using seed grown in the United States at five thous- 
and feet altitude the ripening of the crop is hastened from 
a week to ten days. ; 

In view of all the foregoing statements, we have a right 
to conclude that whenever a factory is actually built in 
northeastern Colorado, it will find beets ready. for manu- 
facture soon after the middle of September. 

After what has been said of the ripening of beets in 
northeastern Colorado, there need be but little said con- 
cerning the other portions of thestate.. Thesame principles 
govern the ripening everywhere. On the Divide, south of 
Denver, where beets are grown without irrigation, the crops 
matured somewhat later than in the valley of the Platte, 
with irrigation. The content of sugar reached thirteen per 
cent by the first of October, but the purity was then too low. 
for manufacturing purposes.. By the middle of the month 
the beets were all right for the factory. 

The Arkansas Valley is one hundred and. fifty miles 
south of that of the Platte and as a natural result frosts hold 
off late and the beets are late in ripening. Had a factory 
started up October 15, it could probably have found beets 
enough to keep it running, but the bulk of the crop was 
hardly in marketable condition before the first of November. 
On the other hand, the winters here are so open and mild 
that there would be little trouble in a factory running all 
winter or until the crop was all- handled. 

The analyses from the valley of the Grand show that 
the crops were easily ready for the factory by the first of 
October and probably several days earlier. The bulk of 
the crop was ready at least a week or ten days earlier than 
that of the valley of the Platte. The climate of the valley 
of the Grand is a little warmer than that of the Platte and 
hence it would be supposed that the crop would ripen later 
rather thanearlier. ‘The cause of this result must be due 
either to better care, or to different seed, and is probably 
due to both these causes. The farmers in this valley have 
been experimenting in the raising of sugar beets for several 
years, and many of them have made a careful study of the 
subject. Hence their fields were better cared for, the qual- 
ity of the crop was better, and it ripened earlier. 

The remaining section of Colorado is. the San Luis val- 
ley. The analyses from this section are so mixed that. it is 


difficult to judge when the crop in general was ripe. There 
were only two samples dug before October 15 that could be 
profitably manufactured. These two, however, show such a 
very high grade as to seem to indicate that the lateness in 
ripening of the other crops was due to lack of care or the 
presence of too much alkali in the soil. 

INFLUENCE OF RIPENING. 

The process that goes on in the ripening of the beet is 
both an increase of pure sugar and a decrease of the impur- 
ities. This raises both the per cent of sugar and the per 
cent of purity. By the purity of the beet is meant the rela- 
tion of the sugar to the whole amount of material in the 
beet that is not water. Suppose too pounds of the juice of 
some beets contain 80 pounds of water and 20 pounds of 
solids; and of that 20 pounds of solids 16 pounds are sugar; 
then it is said that the beet has sixteen-twentieths or eighty 
per cent of purity. 

The following table gives ten cases where samples were 
taken from the same field at different times in the fall. 


BENS wD OLEATE SAMPLES: 


Date Aide First sample. Second sample. 
Name. Place. ese weight of 
was dug. ene perss. Sugar. | Purity. | Sugar. | Purity. 
Grams. /|Per cent.|/Per cent.|Per cent.|Per cent. 
BaMESCOtbe ots 2 0c onc Fort Morgan ree i ae 11.5 71.7 15.6 60.4 
TB eROVIMSOD : «2.0.5. os Sept a Se 11.9 i383 13.3 82.8 
Paseiaxiay,.o...<:.|| Berthoud, GP? |) 228 Bl SU a a ee 
LA Dwight.......... Boulder [9% 4 en 13.0 7.0 os ae 
C G Anderson ....... Eldred Oct a ad 12.4 75.6 16.0 84.8 
Levi Ward...........| Debeque eee ae oe 11.9 78.1 17.6 86.0 
Mrs H © Hefner .... Mosca oe 15.9 86.9 16.3 84.6 
David Albright ..... Poucha Spr'es Oct oe ea 13.6 79.5 4 
IMM ICOM ori cies isis Alamosa we ¥ ta 15.7 78.9 16.1 83.6 
has, WailNnes feces oss La Jara Oct 4 ze 13.4 78.7 16.4 84.3 
a 
Averages} 57) or | ae | 16.8 | 83.9 


It is not claimed that this is an exact scientific compar- 
ison between early and late samples, for in some cases the 
samples were taken from different parts of the field and in 
others they were quite different in size. The figures, how- 
ever, serve to illustrate forcibly the general truth that in 
the late days of its growth, the beet accumulates sugar 
rapidly and becomes of much purer quality. 

In the ripening of sugar beets, there is not only an in- 
crease of sugar and consequently a relative decrease of the 
impurities, but there is also an absolute decrease of impuri- 
ties. This is shown in the next to the last column of the 
following table, which is based on the results of about two 
hundred analyses of the Colorado beet crop of 1897. 


Beets rangin 
nt er cent. of Water. Total Solids. ee Sugar. Tene See ce 
8 to 11 81.0 19.0 5.0 9.9 4.1 70.2 
11 to 12 UY 20.3 Ss 11.6 3.7 76.0 
12 to 13 78.8 21,2 ve 12.5 3.7 77.0 
13 to 14 77.9 22.1 aS 135 3.6 78.8 
14 to 15 Tew 22.9 e 14.4 3.5 80.9 
15 to 16 76.1 23.8 Be 15.4 3.4 82.0 
16 to 17 75.4 24.6 e 16.5 3.1 84.1 
17 to 20 73.8 26.2 re 18.2 3.0 85.8 


OQUANTIRY “OHM ROR: 


There seems almost no limit to the amount of sugar 
beets that can be grown on an acre of ground in Colorado. 
The soil of the State is wonderfully rich and the large 
amount of sunshine stimulates the growth of the crop won- 
derfully. The yieldsgiven, represent in most cases, estimates 
based on the digging and weighing of rather small areas, 
and would need to be decreased considerably to represent 
whole fields. But even if shrunk one-half, which is far more 
than necessary, the yields are above those of any. state tae 
now has a beet sugar factory in operation. The writer vis- 
ited a great many beet fields during the fall of 1897 and was 
everywhere struck with the rank growth and general 
healthy, vigorous look of the crop. It isa common. belief 
that it is not difficult to raise a large crop, but that a large 
crop always means one poor insugar and purity. Such does 
not seem to be the case in Colorado. Some of the largest 


yields have been accompanied by a high percentage of sugar 
and extra good purity. 


It would be difficult to make an estimate of the average 
yield per acre of sugar beets in Colorado during 1897. The 
extreme would be from half a ton to nearly forty tons per 
acre. The beets on the College farm were avery poor stand 
owing to bad weather at the time of planting. The differ- 
ent fields varied from half a stand to hardly a quarter of a 
full stand. The rows were two feet apart and the entire 
crops, taking all the ground planted, were from eight to 
twelve tons to the acre. 

The average of fifteen fields at Sterling and Fort Mor- 
gan is 17.4 tons of beets per acre gross weight, equivalent 
to about 15 tons of trimmed beets ready for the factory. 

The weights of the crops on the Divide are of course 
much less than these figures. The valleys of the Arkansas 
and Grand have given about the same yields as that of the 
Platte, while the San Luis valley comes forward with some 
surprisingly large yields. Chas. Milne, at LaJara, reports 
about thirty tons to the acre, testing 16.4 per cent sugar and 
84.3 per cent purity; while N. G. Shaw, at Alamosa, har- 
vested over fifteen tons of beets from a measured half acre 
of ground and the beets tested 17.0 per cent sugar and 85.9 
per cent purity. One of the heaviest yields reported is that 
of J. A. Davis;at Berthoud, who raised at the rate of 35 
tons to the acre testing 16.7 per cent sugar and 84.5 per cent 
purity. 

Probably the most profitable sugar beets raised in Col- 
orado the past season were those grown by J. W. Bacon, 
seven miles east of Longmont. When his field was pre- 
pared for wheat, he left out about an acre and planted this 
later to sugar beets, giving the land but one more harrow- 
ing in addition to its preparation for wheat. Only three 
pounds of seed were used per acre, in drills thirty-two inches 
apart, sown with the ordinary wheat drill. The plants were 
not thinned, were irrigated but twice, when the water was 
turned on the wheat, and received only such cultivation as 
would be given an ordinary field of corn. The crop from 
the acre was twenty-one tons of beets, which tested 15.0 per 
cent sugar and 81.4 per cent purity. 


OUATITY OF CROP: 


The question of the quality of the crop has been referred 
to several times in speaking of its quantity. In making any 
estimate of the quality of the beets raised in Colorado in 
1897, it is of course unfair to use any of the analyses made. 
of crops that were known to be unripe. By the middle of 
October it is fair to presume that the sugar content had 


about reached its full limit. There were fifty-one samples 
reported after that date ranging from 10.5 per cent sugar 
with 72.4 per cent purity, to 20.9 per cent sugar and 85.3 per 
cent purity, with an average of 15.5 per cent sugar, and 81.6 
per cent purity. What has been done by these growers on 
their first attempt ought certainly to be equaled on a large 
scale for factory use when they are better aquainted with the 
best methods. 

One point needs to be specially mentioned. The large 
crops average the highest in quality. The nine fields, of 
which we have analyses from the ripe crops, reporting over 
twenty tons of beets per acre with an average of twenty- 
seven tons, test 16.0 per cent sugar and 82.6 per cent purity. 
Such fields would return to the grower over a hundred dol- 
lars per acre and give to the factory nearly three hundred 
dollars worth of sugar per acre. 


COMPARISON OF 1897 WITH PREVIOUS YEARS. 


Sugar beets have been raised on the Station farm and 
in various parts of Colorado for the past nine years. The 
records of the analyses include many high and many low 
results. The records from outside the Station are not ac- 
companied with the dates when the samples were dug, or any 
statement of the ripeness of the crop, so it is not possible 
to tell whether the low analyses are due to the poor quality 
of the crop or to the early date at which the samples were 
taken. 

The different varieties of beets raised at the Station in 
1897 agree in quality quite closely with the samples of pre- 
vious years, when the samples were taken at the same date 
or stage of growth. Judged by this standard, the year 1897 
was the same or a little poorer than previous years. 

In all the states that have factories, and raise beets on 
a large scale, the universal report is that the year 1897 has 
been exceptionally poor; indeed about the worst known 
since the factories started. Since this report comes from 
Nebraska, Utah and New Mexico, east, west and south of 
Colorado, it is probable that in this state it was not any 
better than an average year. 


METHODS USED BY BEET GROWERS. 


There are certain principles of beet growing that have 
been learned by experience and by experiments in this 
country and in Europe, that are considered as essential to 
the production of the best beets. It is undoubtedly true that 
these principles are correct, and that the beet growers of 


Colorado will eventually accept and practice them, and 
thereby increase the quantity of their crops and improve 
their quality. But the point to be considered here is this: 
most of the tests in 1897 were made by persons who had 
never grown beets before; they violated all of the proper 
methods and still produced large crops of good beets. 
What stronger proof could be obtained that the soil and 
climate of Colorado are especially adapted to the sugar beet? 

One of these rules is that sugar beets should never be 
planted on new ground. Such soil it is claimed is so full of 
soluble salts as to make the beet too impure for factory use. 
Chas. Johnson, at Atwood, reports that his beets were 
planted on newly broken land and they tested 15.2 per cent 
sugar and 82.4 per cent purity. Sidney Flinn, at Caddoa, 
under similar conditions on rather clay ground, which in 
Colorado would ordinarily be-very rich in soluble salts, pro- 
duced beets that contained 19.4 per cent sugar. Though 
the purity was not determined, it could scarcely have been 
lessstthan 83 per cent. 

The only other two persons who reported beets on new 
ground, had samples taken in September before the beets 
were ripe, but even in these two cases the beets tested bet- 
ter than the average of their neighbor’s beets on old ground. 

‘There were six cases reported where the beets were 
raised on ground that had been broken a year before and 
had raised one crop before the beets. These give uniformly 
fine beets and average 17.3 per cent sugar and 82.6 per cent 
purity. 

All rules for sugar beet culture say to subsoil if possible, 
but if not, to plow very deep, and better if plowed in the fall. 
No subsoiling was done by any of the farmers; about a 
third of them plowed in the fall and but few plowed more 
than eight inches deep. It is probable that subsoiling in 
Colorado under irrigation is labor lost. Deep plowing is an 
advantage with the clay soils, but in the alluvial soils of the 
river bottoms which will be the land most used for beet cul- 
ture, the roots go deep into the soil, whether the plow is 
run deep or shallow. 

Another point was noticed in all the fields visited. The 
beets grew with the entire root under ground. This makes 
a little more labor in digging, but it lessens the amount of 
the top of the beet that has to be cut off with the leaves and 
increases the amount of sugar in the upper part of the root. 
It is probable that this fact goes far toward explaining the 
higher average quality of Colorado beets over those of the 
neighboring states. Just why the beets should grow so in 
Colorado is not yet evident, unless it is due to the furrow 
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irrigation which deposits the water below the soil rather than 
on its surface and tempts the beet to go deep for it. The 
writer noticed particularly at Grand Island, Nebraska, the 
past season, that nearly one-third of the weight of the beet 
was above ground, making a loss in the amount that was 
trimmed off and a poor quality in the upper inch that was 
left on the beet. 

All writers on sugar beet culture are agreed that beets 
should not be planted on ground that has recently been 
manured with stable manure, because its tendency is to make 
a large beet that is late in ripening and is low in sugar and 
purity. Sixteen persons report that they manured their beet 
ground before planting it. The crops were large as was to 
be expected, and it was also true that unless the samples 
were dug late in the season the quality is low. The stable 
manure seems to have made them late in ripening, but on 
the ripe crops, the quality is good with three exceptions. 
As these three are almost the only ripe crops that are poor 
it seems a fair-conclusion that the result is due, in part at 
least, to the stable manure. Taking the results as a whole 
they indicate much more gain than loss from the addition 
of stable manure. 

One of the special advantages claimed for Colorado in 
the matter of beet raising is, that under irrigation, water can 
be kept away from the crop during the latter part of the 
season, allowing it to ripen and reach the full amount of 
sugar and purity. This is undoubtedly correct, but one 
queer sample shows that even this rule may have exceptions. 
Mrs. M. H. Lafever of Eagalite, sent a sample that was dug 
the first of October, after two weeks in which it had rained 
every day. Yet the beets tested 17 per cent sugar and 88.1 
Per Cent purity. 

_ The effect of alkali on sugar beets is still an open ques- 
tion, as is also the result of growing beets on seepage ground. 
As throwing some light on the latter question, two examples 
may be quoted. At Greeley, A. L. Camp Jr., planted beets 
on some strongly alkali seepage ground and they tested 6.8 
per cent sugar and 46 per cent purity. Mr. Camp makes 
the statement that these beets were the first things he had 
found that were able to grow in the presence of so much 
alkal. E.K.Smith at Fort Lupton, grew beets on land 
kept moist by the seepage from a reservoir and his beets 
tested 14.5. per cent sugar and 80 per cent purity. Both 
raised large crops without irrigation, but in the first case 
the beets showed a large amount of second growth indicat- 
ing that there had been a time when they had suffered from 


lack of water, while the other beets were some of the finest 
seenduring theseason. ‘They were finely shaped, thoroughly 
ripe, with nothing onthe crown but the first growth of leaves. 
In other words the seepage from the reservoir had been 
constant through the season and just enough to give the 
beets all the water they wanted all the time. 


STAND. 


The number of beets to the acre determines in large 
measure the weight of the crop and its character. In gen- 
eral it can be stated that the more crowded the beets, the 
smaller they will be, but richer in sugar and of a higher 
purity; the farther apart, the larger and poorer they will be. 

There should be some medium ground that will produce 
the largest amount of sugar beets peracre. This isapproxi- 
mately when there is one beet for each square foot of 
ground. If the rows are two feet apart, this would leave six 
inches between the plants. With eighteen inch rows, the 
distance between the beets would be increased to nine 
inches. 

The hardest part of beet raising is to get a full stand 
all over the field. More than half of those who raised beets 
in 1897 report the stand as thin or poor. Two pounds of 
beet seed contain enough seed to make a full stand on an 
acre of ground, but to get this stand in practice it is neces- 
sary tosowa much larger amount. The idea is to sow a - 
good deal more than is needed and then thin out the plants 
to the required distance. Itis customary in the vicinity of 
factories to sow fifteen to twenty pounds of seed to the acre. 
The records show that different beet raisers in Colorado 
sowed varying amounts from two pounds to two hundred 
and seventy-five pounds to the acre. The average was nine 
pounds per acre, but more than half of the persons used less 
than eight pounds per acre or less than half the proper 
amount. 

The poor growth of the seed is due to lack of moisture 
in the ground, toodeep planting, and poorly prepared ground. 
East of the range, in Colorado, the first, due tothe dry winters, 
will always be the greatest objection. It is possible to 
overcome this in two ways; by irrigating the field before the 
seed is planted, or by irrigating after the seed has been 
sown. The first is better if it can be done, but it is very 
likely that the second will come to be used as the regular 
method in growing beets for factory use. | ! 

Ouite a number of persons tried this method in 1897. 
Fifteen persons report the resulting stand as follows: one, 
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poor; two, fair; one, uneven; two, good; one, thick in places; 
eight, thick. In other words eight out fifteen obtained a 
thick stand by irrigating up the beets. 

This is about twice as large a proportion as those who 
obtained a thick stand by depending on rain or the original 
moisture in the ground. 

Of two persons who irrigated ten days. after the seed 
was planted, both report poor stands. Of two persons who 
irrigated before the seed was planted one reports a good 
stand and the other poor. 

No relation can be traced between the stand and the 
analysis of the crop, for there is no record to show whether 
the beets analyzed grew by themselves or weretaken from 
thick places in the field. 


RECAPRIDULADION: 


The results of the season of 1897 may be summarized 
in a few words. 

Good sugar beets can be raised anywhere in Colorado 
that is adapted to any kind of farming. Large crops of good 
beets can be raised in any portions of these districts that are 
supplied with water for irrigation. The season opens early 
enough and the winters are mild enough so that a factory 
could have a run of at least one huudred and twenty days. 

The average quality of the ripe crops of Colorado in 1897 
was 15.5 per cent sugar and 81.6 per cent purity. The aver- 
age quantity of beets per acre was not far from sixteen tons. 


FACTORY CONDITIONS IN COLORADO. 


Those who contemplate putting their money into a beet 
sugar factory will desire to receive answers to several ques- 
tions in addition to those already presented. 

It has been shown that Colorado has the soil and climate 
for the production of high grade beets. A natural question 
follows as to whether the people of the State are enough 
interested in the matter to raise the beets if a factory was 
built. The answer to this must be in the affirmative. This 
has been tested on several occasions and there would be no 
trouble in getting the necessary acreage pledged at several 
places in either the Platte, Arkansas, Grand or San Luis 
valleys. 

A home market exists in Colorado for all the sugar that 
would be produced by three large factories, thus saving 
freight on the finished article. Each of the above men- 
tioned regions is near to enormous deposits of coal, affording 
an abundance of cheap fuel. The deposits of limestone are 


adjacent to the farming districts and much of the lime itself 
is almost. chemically pure. Pure water for factory use can 
be easily obtained. 

Indeed it can be said in all truthfulness that no place 
where a factory is now in operation presents advantages 
equal to those posessed by any one of half a dozen localities 
in Colorado. 


INFLUENCE OF DRYING ON BEETS. 


In the raising of sugar beets for a factory, it is customary 
to dig beets during the early part of the season, as fast only 
as the factory can use them.. At the end of the season, in 
countries where there is danger of the ground freezing, all 
of the crop is harvested and either brought to the factory 
and stored in bins or piles or else the surplus of beets are 
piled up in the field where grown and covered witha thin 
layer of dirt to prevent their freezing. 

It becomes a question of great importance to both beet 
grower and beet manufacturer as to what changes if any 
will Gccur in the beet during the weeks that elapse between 
digging and slicing. 

Some investigations along this line were made at the 
station in 1897. . Samples of beets were weighed and placed 
where the conditions would be much the same as those in 
the field, other samples remained in the cellar of the labor- 
atory, others in the laboratory itself, while still others were 
buried in dirt. 

The two ideas were to find out how fast beets dry out 
under, these conditions. and whether there is any loss of 
sugar when the beet dries. The first is important to the 
grower, because if he sells his beets by the ton, all the dry- 
ing out reduces his tonnage. The second is equally impor- 
tant to the manufacturer, because having bought the beets 
and paid for the sugar in them at the time of delivery, he 
wants to know whether the sugar will keep until he is ready 
for its extraction. 

A few of the results obtained will be given here in an- 
ticipation of the fuller figures to be published in a technical 
bulletin on the chemistry of the growth and handling of 
sugar beets. 

On October 2oth, a lot of beets were taken from a field 
on the College farm and divided into three equal lots; one 
was taken to the laboratory at once and kept in a cool, dark 
place; the. second lot was left lying on the ground in the 
field exposed to the sun as would happen in ordinary prac- 
tice. The next day this lot was. gathered and analyzed, 


together with the first lot. The third lot was piled up in 

the field, covered with a few inches of dirt and allowed to 

remain for five weeks before analysis. | ; 
The results are as follows. 


Per cent sugar. Per cent purity. 
Kept one day in a cool place,.. 14.0 82 
Left one day in the open field,. 14.9 79 
Covered five weeks with dirt,.. 14.7 84 


The results show that the beets dried considerably dur- 
ing the one day exposed to the sun, but that in this case and 
also where covered with dirt, the loss was merely one of 
water, the sugar in the beet remaining without fermentation. 

This was with ripe beets taken from a dry soil. No 
judgment can be drawn from this as to what would happen 
with unripe beets. 

On October 6th, two lots of beets were taken; one from 
a field fairly ripe and the other still green and growing. 
Half the beets in each lot were analyzed at once; the other 
half were weighed, wrapped tightly in paper and put on the 
eround in the cellar of the laboratory. Both lots were 
weighed each day for sixteen days, to note the loss in weight 
and then each was analyzed. 

In each case the beets lost one-twentieth of their weight 
in the first twenty-four hours or at the rate of a hundred 
pounds for each ton of beets. In five days each lot lost a 
little more than one-fifth of its weight. In sixteen days 
each lot lost thirty-eight pounds for every hundred pounds 
of original weight. 

The more nearly ripe beets tested, when put in the 
cellar 9.8 per cent sugar; at the end of sixteen days they had 
dried out until they tested 15.9 per cent sugar. When the 
weights are taken into consideration it is found that of the 
9.8 per cent of sugar inthe original beets 9.55 per cent was 
still present, showing that the sugar had not fermented in 
the drying out and that the loss was merely one of water. 

The green beets tested 9.3 per cent sugar when taken 
from the field and 12.6 per cent sugar ‘after drying sixteen 
days. Making thesame calculation, shows that’ of the orig- 
inal 9.3 per cent sugar, only 7.7 ‘remained, indicating a 
fermentation and a loss of one-sixth of the sugar. 

On January 3, 1898, some beets were dug that had been 
covered with straw for two months. They had ‘started a 
slight second growth, but not enough to injure them for fac- 
tory use. After analyzing enough of these beets to get their 
average composition, the remainder were brought to the 
laboratory and left for'one day exposed to the air. They 


lost just one-twentieth of their weight the same as in the 
fall. They were then covered with three thicknesses of 
sacking, but continued to dry out and in five days had lost 
nearly one-fifth of their weight. At the end of fifteen days 
they had lost just the same as the beets did in the fall in 
sixteen days. The beets tested originally 14.4 per cent 
sugar; fifteen days afterward they tested 21.6 per cent sugar. 
Calculations of weight show that of the original 14.4 per 
cent sugar, 13.4 per cent remained, or a loss by fermentation 
of about one-fourteenth of the sugar. 


EFFECT OF FREEZING ON BEETS. 


When the beet fields on the college farm were harvested, 
several small patches were left and allowed to freeze. After 
the tops had frozen and thawed several times the whole 
was covered with a thick layer of straw. Samples of these 
beets were analyzed at various times up tothe middle of 
January 1898. From near the edge of the straw some beets 
were dug that had been partially frozen. 

The first beet analyzed had been only slightly frozen. 
It was cut into thirds by weight and each third analyzed. 


Per cent. sugar. Per cent. purity, 
Rope Loitd ae meresen sss. U 1 12.9 Oe 
UR a Rou oma diy h dl e Wi ce eae aera 12.0 Ojet 
Botton Chines See ie: 12.0 81.4 
The second beet had been decidedly frozen. 

Per cent. sugar. Per cent. purity, 
Lipper thirdvallttroxen.>. 4... $0.9 Ve 
Middle third, partly frozen.... 11.2 TOG 
Bottom thirdynot-trozen.......... 14.3 88.3 


Here the effect of the freezing seems to have been to 
drive the sugar into the lower part of the beet. 

One of the patches of beets covered by straw tested the 
first of November when covered, 12.3 per cent. sugar and 77 
per cent. purity. On January 3, the same patch tested 13 per 
cent. sugar and 86 per cent. purity. This was a patch of large 
beets and and to the eye they had increased in weight dur- 
ing their two months under the straw. 


COLORADO SOILS. 


The relation between the growth of the sugar beet and 
the character of the soil in which it grows has been studied 
very carefully in Europe. Almost nothing of this kind has 
been done in the United States. The results of the work in 
1897 seem to indicate that it is not safe to apply the rules 


formulated in Europe with beets dependent on rainfall, to 
our Colorado conditions, where the beets are grown with 
irrigation. This opens up a wide field for experiment and 
research. Noone:station in any one season can hope to 
compass the problem. The following soil analyses made by 
Mr.Chas. Ryanare presented as a contribution to the subject. 
They should be studied in connection with the analyses of 
the beets grown in the several sections. 

Much more of this work will need to be done before any 
generalizations can be drawn. 
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No. 3 | No. 53] No. sal No. 36 
Weld | Weld | Logan |Morgan 
County|County| County|County 


\i ies 2 boa elas acres Cee Anise ae bane can rina baecarnd- 1.48 1.57 1.38 
Solublevandhinsolwble silica oi ooo jielats ova «1a cfsteieieis te ten isteietets store 85.92 | 86.12 86.38 | 86.98 
Popaelis. aut eecs- Sroka sicYsjausc.e we sies dina Psieate ormiebem leben aenstaetysnt | MNONRS 0.54 0.70 0.56 
SOO pada Sag caren eee An Oene ADOSER EARS ems to en atior Nee 0.30 0.16 | _ 0.46 0.86 


AE TANG Pastas pet Oot gs ee aN ToT Ooi He erage brasil seers ate, Sle pleases cect mee See ee eC 0.97 1.38 1.36 0.19 
Mia ores balremtitccne neato ecttcctte oh elec np Rars}aiitecnis, obs aakelec) eta eR enee Ee nee 0.40 0.42 0.18 0.05 
NTOMISOSCMTLORI AC sare acme se ele coals OA Woiciale anicip ein ae apler R ee 3.01 2.43 1.76 0.99 
JNIGON LECT 255 Ho SEREBOOen S Op See EET SOC AE OR ESUN REM EIES TER colcec Sieg. 3.96 3.52 6.19 5.53 
TPHOSWHOLICHACIO cr) is eerie oie Fah ayuo soln’ ay Ho cone cae a eee ea 0.11 0.03 0.04 
MUD UBTOFACICL el seta, « -etelontlots’=|2:c8- <sb-'s)s is “ied. cfs eles CLS os g aa eRe eet OO 1.13 0.05 0.39 
WCAPOOUROTACIO aay fein sais es see 2, hated e oan vie je cate cs dee 0.28 0.06 
Wolattesand organic matter * i 2.. J... <...s650608e Soe. ee eee 4.42 2.52 2.02 2.67 
COORG meme reo orcs elntalo sel oe aro Nepoidwlye ate cefare GORE toe eee 0.05 0.05 0.05 0.05 


PON Cie odin cih o's be We paloide saescde,d Zesnitew'a swe cel de eet na gt LOGS Ballas DanRO a ieLOOIEE AT OD Tea 
Pa Convalnin gn tro gels at cars caterer ste ntvacieciee oe akc dates oe 5 0.13 0.07 0.11 0.16 


DIVIDE SOUTH OF DENVER. 


WU AUER sak a onto tine Secret eee earths an Ge Seis a vcatiaideaey & och curse cluucee ls ckrectentee 1.42 1.34 
Raltublo andinsoluble elias saree cas ¢s6 oe vcsg snotece wage co cigs sek accar ne amen ae COMLen OTOL 
IE ODER Ee rec eae oh ee etc ee eR ay ens rato Stas castes stadhe ale eidh desanpsleled, eefloreeteineh 0.37 0.46 


PEO OSGUTONIGE:. Ce «isc a dster gay teraal aie ersias aisle ad leiaje wield sole hitiata ial. alete ccclaldhna tiny sistas enge wee 1,54 
PACER EIN OTA Bales ercialats Pec e ciate Sievale eaten clavate Welercle ese tia’ sie) «ae: n/ecatecescratdtexaic Sle aidu cxatevereiots plate osteo) RON 3.83- 
PESELOOROEROAT GEC POR falck, toate preter rian ete elite ciscate tus g PARH op og Sins nicola alate: eierGa sie we alaisl ela ennjoe ete 0.03 0.01. 
SIDES TUTE Keyes ty Bgm ea eRe Rech SOCOM nrCd ASBe IEE EeEaeO RAC IRORCR CORE re eine Meee anne 0.20 1.199 
MU REOME Ge HON. arse rayne cane atiol me nee teers oe ais. insets sine c einen ole pate hae eciae we ule ee aae |} 0.02 0.48; 
MorshiecwT OreaniG THALUCTACE yearn eres scree tere ere acdoiee Sieve cisterns neleuanrerniy apinlreens 3.10 2.66 
(ON GRIMES SS Sos BRCSB BORE ANOS Of moo nt /Gaciub de So So SS eIRBOcC eee Hann arte ermNaer Smee mana (sh!) 41) 0.04 


SE a a PRES 2 OT i oy Se ey 99.24 | 100.06 — 
0.12 


* Containing nidsogen rites CGP oe PMCRIN Saree are a) ose ekeTSvala aye 6/el sc didjor Hetejei ley ee) salereustomeusepads 0.18 
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| County 


VU eS hia pan Rin ae aEIRIOOE ED St co CODON C ROBE AH AD AEA ao Eat ear me a 1.55 1.66 2.65 
Solublerandmesoluble silica sj joaceeee a danse enssied--\seireins tis cae soecas.p —OoseOap SocOLeSsO0 
LOKI) OS = Or se Ne op SOCeI ORE DOO CO AcOdG oa Dacca arinnie BH Eee AGA ERE er meerar 0.91 0.25 1.69 
OCA ert siaialsts cis) secieet ta nerd aoe eng Tata eT Meloamiieseraiticcuetcsiemacwetece 0.52 0.11 0.54 
reer CREE oro, < ihe: sil oi= Ciel wie, ae eiaee IER nIe eee ot rere rM tients finite <iavemicrersin top ein sine’? 1.76 1.55 1.44 


MGW TCETT EE Jets enc enpeeldtce com a batine liad sd AmCA ORGAO’ Are eC ea nC eee aries 1.06 0.11 0.79 


PTOMBOSTUIOSICG!, «vice. as euenon ae ieeme se eminem oem seca rec hea eeeiecetieccigiels 2.388 2.93 2.78 
EMV yatta Gy ep caren MOI na bene becaOOth Babe Hci FIOM Gr STS GOTT CICA Ia ER Eee 4.45 4.70 5.94 
(Teas WR edhe eo om 8h AB pees ed 0.14] 0.90] 0.09 
Sen OUT CHACHA center aree kn ete ee aoe inane ucts cfr ape siasts cine cane wane 0.50 0.45 0.60 
(OFT OT. oo nap Herp SO ORRIOR SUR Eee CODEC UE RoC CREE ROE Tce nee oan ar 1.15 1.01 
Molathlerancdrorganicr Matern Feehan aeme ates tc. Seas ceee 3.25 3.70 


(CinkeRata"S 220 A Be AmmQ ne eee Betta cre eC oIEO OHO o Bch EMRE re TEC ane eee 0.09 0.04 
Total ’ 100.12 | 100.45 | 100.84 
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GRAND AND GUNNISON VALLEYS. 


No.19 | No. 21. 
Gar-o| Gunni- 
field C |son Co 


COTE SoBe eee re en SER ARE mean tcc roe OmeTa ADA DL “OH tebe) JOIDO S6BEO 54 2.82 2.30 
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THE CAMPAIGN OF 1808. 


It is evident that the more interest there can be aroused 
in Colorado in the culture of the sugar beet, the more likeli- 
hood there is of the erection of factories. 

The Experiment Station has taken an active interest in 
the matter for several years and proposes to devote more 
time and energy than ever before to the campaign of 1808. 

Seed will be distributed, free of charge, to those who 
desire to make tests of raising sugar beets. The seed wii 
besent out early in April, to those who desire it. Applications 
should be sent in at an early date. Enough seed will be 
sent to each applicant to plant fifteen rows, fifty feet long or 
their equivalent. This small area is selected because it is 
desired to know the best that Colorado can do, and that is 
most likely to be ascertained when the amount planted is 
small enough so that it can be put on the best land and given 
the best of care and attention. 

Those who receive seed will be expected to keep full 
records concerning the crop. 

About the middle of July the following circular will be 
sent out. It is suggested that those who receive seed make 
their records directly on this bulletin, of which they will 
have a copy, and from which they can copy these records on 
to the blank when it is received. 


COLORADO AGRICULTURAL COLLEGE. 


SUGAR BEET CIRCULAR NO. 1. 


Facts CoNcERNING THE PLANTING OF THE CROP. 
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How cultivated 
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Date of thinning 
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Distance between plants after thinning 
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(Signed) Name 


Nore.—Fill out the blank the first of August and send 
by mail to 


Tue STaTeE- AGRICULTURAL COLLEGE, 
Fort Collins, Colorado. 


The analyses of the beets will be made at Fort Collins. 
Instructions for taking and sending samples will be sent out 
next fall. No beets will be analyzed unless accompanied 
by the full history of the planting, cultivation and harvest- 
ing of the crop. 

It is desired that two samples of the crops be taken, 
one early in October and the other about the first of Nov- 


ember. No samples will be analyzed after the middle of 
November. 


INSTRUCTIONS FOR THE GROWING OF SUGAR BEETS. 


Select the best land on the farm. A rather heavy loam 
produces the best crops. Avoid light, sandy soils, poorly 
drained soils, heavy clay soils and alkalisoils. Do not plant 
on newly broken ground unless it can be plowed very deep. 
Never plant beets on alfalfa sod. Beets do best after 
corn or potatoes. The freer the land is from weeds the 
easier and cheaper will the crop be raised. On land that 
has been manured just before plowing, it is difficult to get a 
good stand of beets, but if the choice has to lie between poor 


Nee and rich land recently manured, always take the rich 
and. 


Plow at least eight inches deep; harrow thoroughly and 
smooth the ground before planting. Fall plowing is best, 
to be again plowed in the spring before planting. Whether 
fall plowed or not, the spring plowing should be done as 
short a time as possible before planting. If possible the 
seed should be planted ‘the same day that the ground is 
plowed so as to have the benefit of all the moisture in the 
ground for germinating the seed. If a large acreage is to 
be planted, it should be handled in sections, plowing oniy 
what can be planted at once. Ona large acreage it is ad- 
visable to plant the ground in three sections from five to 
seven days apart, so that the thinning will come at different 
times and economize labor. 


Sugar beets can be planted from early in April until the 
last of May. In general they are planted about the same 
time as corn. They should always be sown under such con- 
ditions of warmth and moisture that the seed will germinate 
at once and the young plants show above ground within ten 
to fourteen days after planting. 


Beet seed should be sown in drills from 16 to 24 inches 
apart; most beet seeders are made for 18 inch drills. The 
seed can be sown by hand, by the common garden drill, bya 
wheat drill closing up some of the holes, or regular beet 
drills can be used that are made for the purpose and sow 
four rows at atime. Sow the seed from half an inch to an 
inch anda half deep. Sow as near the surface as it is possi- 
ble for the seed to get enough moisture to germinate. The 
earlier in the season the seed is sown, the less depth it 
should be planted. Ifthe ground is very dry, sow near the 
surface and then irrigate up the seed by making a small fur- 
row between every other row and running a small stream of 
water until the ground has wet sideways to both rows. Re- 
member that getting a good stand is the hardest part of 
sugar beet raising. 


Sow plenty of seed; never less than fifteen pounds to 
the acre and from that to twenty pounds. 


The thinning should be most carefully and promptly 
done, as on it depends in large measure the weight and 
quality of the crop. There is but one time to do this work, 
and that is while the plants are very young—Jjust as soon as 
the third or fourth leaf becomes well defined and the root is 
nothing but a merethread. If delayed the plant receives a 
set back from which it can scarcely recover. Just before 
thinning, work the ground between the rows with a hoe or 


=e 


with a horse cultivator made to work the same number of 
rows ata time as were sown by the seeder. Next follow 
with a sharp hoe four to six inches wide, cutting across the 
row and dividing it into bunches six to nine inches apart. 
These bunches are thinned by hand to a single plant. The 
plants should be from six inches apart in a twenty-four inch 
drill up to nine inches apart in an eighteen inch drill. 


After the thinning go through the field once more with 
the hoe and be sure that every weed is killed. The rest of 
the cultivation needed during the season is only such ordi- 
nary cultivation as would be given to a crop of corn. 


Irrigate the beets only when they show the actual need 
of it. Delay the first irrigation as long as possible unless it 
is necessary when the seed is planted to produce germina- 
tion, in which case the water should be turned on within two 
days after the seed is in the ground. 


A slight wilting during the day does not necessarily 
mean need of water, but when they wilt and do not revive 
as soon as the sun sets or the weather is cloudy, they should 
be watered. After the tirst watering they will usually dry 
out quickly and need subsequent irrigations every ten to 
fourteen days. Few beets can be raised in Colorado with- 
out irrigation, the number of irrigations varying from two to 
five according to the ground and the season. Beets will seldom 
need irrigation after the middle of August and usually not 
after the last of July. Unless the ground is very compact it 
will be sufficient to run the water in every other row. At 
the next irrigation use the rows omitted the previous time. 
Cultivate after every irrigation. Never flood sugar beets if 
it can possibly be avoided. Be careful in cultivation and in 
furrowing not to throw any dirt on to the crown of the 


plant. Keep the irrigation water as much as_ possible away 
from actual contact with the plant. 


Wait until the beets are ripe before harvesting ; ripe- 
ness can be told by the wilting and dying of the outer 
leaves, by slicing a beet and noting that the cut surface re- 
mains white fora half hour or more, but best of all bya 


chemical test for the sugar it contains. At a factory this 
latter method is the one always employed. 


On a small scale the beets can be dug out, plowed out or 
pulled. On the large scale they are always loosened by a 
beet puller made specially for the purpose. They are then 
lifted out by hand, thrown into piles and topped by hand 
with a corn knife or a heavy chopping knife. 


GROWING SUGAR BEETS FOR FACTORIES. 
BY GEORGE H. WEST. 


DR. ALSTON BELLIS, Director; 
UnitTEeD States EXPERIMENT STATION. 
Fort Collins Colo. 


Dear Str:—The following investigation of beet growing 
and the conditions at and around the beet sugar factories 
in Nebraska, Utah and New Mexico, was made for the pur- 
pose of learning if it pays the farmers to grow beets for the 
sugar factories of four dollars per ton, and how they are 
grown to produce good beets at a minimum cost. 

The writer has tried to present the absolute facts, - 
whether favorable or not, leaving the reader to draw his 
own conclusions. 

The visits to Utah and New Mexico were by authority 
of the Denver Chamber of Commerce, thus making it pos- 
sible to investigate the important features of beet raising 
by irrigation. 

The’ trip to Norfolk, Nebraska, was made early in 
October, 1897, and to Grand Island, Nebraska, the latter 
partof that month. Lehi, Utah, was visited late in Decem- 
ber, i897, and the Pecos Valley, New Nexico, late in Janu- 
ary, 1898. 

Yours Respectfully, 
GeorcE H. WEst, 
Greeley, Colo., Feb. 18, 1808. 


re NOKPOLI NEBRASKA, BEET SUGAR< KAG- 
LORY. 


the north fork of Elkhorn creek. It has a nominal capacity 
of about 250 tons of beets per day. The machinery is said 
to be mostly of German make. ‘The Steffen process is used 
to obtain the sugar from the molasses. 

The price paid for beets is for delivery at the factory, 
and the following deductions are made for freight charges 
on the U. P.and F. E. & M. V. railroads: 25 miles or under, 
30 cents per ton; over 25 miles and under 45 miles, 50 cents 
per ton; over 45 and under tco miles, 80 cents per ton. 
este! NiO wer, Go miles or under, 50 cents peg 


ton; over 30 and not over 40 miles, 60 cents per ton; over 40 
and not over 50 miles, 80 cents per ton; switching charges 
$2 per car added to these rates on latter line. All beets in 
1897 were grown inside the 45 mile limit. ; 

The factory employs 200 hands, on two shifts, of twelve 
hours each. A few boys are employed. Common factory 
wages are from $1.50 to $2 per day. Skilled labor from 
$60 per month upward. The employes are paid every two 
weeks, in cash. There are no company stores. All busi- 
ness is done through the local banks. 

The factory uses about 12,000 gallons of crude oil 
(Eastern) per day, for fuel in generating steam for power 
and other factory uses. This is two tank cars of 6,000 gal- 
lons each. Two men do all the work in the boiler house, 
where fourteen were required up to 1895, when coal was 
used. Cost of oil was not given, but the manager says that 
bituminous coal, within fifty miles of a factory, would be 
cheaper than the fuel used at either Norfolk or Grand 
Island. About fifty tons (three cars) of lime rock are used 
per day. This comes from Nemeha county, Neb., near 
Plattsmouth, some 100 miles distant. Cost not given. 
About acar load of sulphur is used each season. 

The same forms of contracts are made with farmers for 
growing beets there and at the Grand Island factory. 
There are about 500 beet growers supplying this factory. 
They average some ten acres of beets each, making about 
5,000 acres in all. The largest growers are: The Hum- 
phrey Sugar Beet Co., of Humphrey, Neb., 200 acres; H. A. 
Paséwalk, Norfolk, Neb., 90 acres; Conrad Wagner, Hadar, 
Neb., 50acres, etc. A large part of the beets reach the 
factory by rail—some 1,200 acres being grown by 82 farmers 
in Platte County, south of Norfolk. 1,100 acres of these 
beets averaged 7.8 tons per acre yield. 

Beets are received by the company on cars where 
loaded, so the factory stands any freezing en route. The 
frozen beets are all right if worked before they thaw. No 
beets for this factory are grown by irrigation, but contracts 
have been made for beets to be raised near Monroe, Platte 
County, by irrigation in 1898. In 1897 the yield of beets 
was greatly reduced by adrouth. In the early history of 
this factory, 1891 to 1893, it had to grow a large part of 
its own beets. Out of 2,509 acres of beets used in 1893, 1,500 
acres were grown.by the company, on rented land. 

The farmers are largely Germans with some Russians, 
they retain largely the old country manner of dress and liv- 
ing, and women and children work with the men in the 


fields. This applies to all kinds of farm work. In the 
larger beet fields, or where there is a lack of hands on the 
place, the work of thinning, weeding, hoeing, pulling and top- 
ping the beets is largely none by contract—by the row, or 
by the acre. 


Farm laborers there are paid $15 to $20 per month and 
board. Per day, the usual rate is $1, and board. On con- 
tract work, the rate is 50 cents to $1, per day for boys, and 
$1, per day, for men and women, the workers boarding 
themselves and often camping near the fields. A man and 
team there are paid $2.50 per day, and a man and horse 
$1.75 per day; use of seeder costs 25 cents per acre. These 
figures are used in estimates of cost later on. Many 
farmers there raised beets also in Germany. Land rents 
there at $3.50 to $6 per acre—average about $5 per acre. 
Hauling is done by the ton. About one and a half to two 
tons is an ordinary wagon load of beets. Many days over 
300 wagon loads are received at the factory, beside the 
car load lots. Cars are loaded to their visible capac- 


Very little alfalfa is raised around Norfolk and there is 
no systematic crop rotation. The following data are given 
for the business of this factory. 


NORFOLK FACTORY. 


Year, Tons of beets. Tons of sugar made. Lee peek es eet P our 6s ot Sotsted Ber 
1891 8185 659 8.0 161.0 

1892 10725 849 79 158.0 

1893 22625 2054 9.0 181.5 

1894 * 25633 2778 10.8 217.0 

1895 27204 2486 9.2 183.5 

1896 

1897 36270 3970 10.95 218.0 


Their factory work began September 24, 1896, and 
September 13, 1897. Itclosed its run January 1, 1898, mak- 
ing the season 110 days. The average for 1897 Is 7.25 tons 
of beets per acre. These data make the sugar extracted in 


* The Grand Island factory did notrun. A dry season and a short crop 
14,000 tons of beets, tributary to the Grand Island district, are said to have 
been sent to Norfolk. The drought accounts for the richness of the beets and 
for the large percentage of sugar extracted. 


1897, 1588 pounds per acre. The beets used in the run of 
1897 are said to have averaged 13.6 per cent sugar in the 
beet and 814 per cent co-efficient of purity. 


THE GRAND ISLAND, NEBRASKA, BEET SUGAR 
PACTORY, 


The Oxnard Beet Sugar Company built its factory at 
Grand Island in 1890, making its first run that year. The 
factory is located about two miles west of Grand Island. 
They use about 2,500,coo gallons of water per day from the 
Wood river. The capacity is the same as at Norfolk, Neb- 
raska, nominally 350 tons of beets per day. The machinery 
is said to be mostly of French manufacture. They do not. 
use the Steffen process here. Part of the molasses made here 
issent to Norfolk to be worked there by that process. This 
may explain since 1892 the higher per cent of sugar per ton of 
beets produced at Norfolk. 

The general terms of the contract with the farmers 
there are the same as at Norfolk. The deductions made 
for freight on beets shipped to the factory are: 30cents per 
ton, for 25 miles or under; 50 cents per ton, for over 25 miles. 
and under 45 miles; and 80 cents per ton, for 45 miles and 
under too miles. Carload minimum is 24,000 pounds and 
they can be loaded to their visible capacity. Some 580 
farmers contracted to grow about 5,000 acres of beets for 
this factory in 1897—averaging about 8.5 acreseach. Among 
the large beet growers are Murr & Pinch, 125 acres; Sass 
Brothers, 115 acres; Theo. Hapke, 102 acres; Edmund Starke, 


100 acres; H. G. Leavitt, 50 acres and J. N. Newell, 4o 
acres. 


This factory uses 75 to 100 tons of Rock Springs slack 
coal per day for fuel. It also uses about 50 tons of lime rock 
per day. This comes from Nemaha county, Nebraska. It 
uses about one-half carload of coke per day and about a 
carload of sulphur during a season’s run. The factory ex- 
ceeds its rated capacity, and used October 24th, 1897, 377, 
tons of beets; other days 382, 383, 327 and 359 tons _respect- 
ively. September 26th, 1897, they ran 397 tons of beets. 
They averaged last season, about 700 sacks of. refined 
Sugar per day. One day that season they produced 
829 sacks of sugar. They started work September 6th, 1897, 
and closed down December 3 ist, 1897, making the total run 
117 days. Including the “clean ups” and repairs, they aver- 
. aged 333 tons of beets per day. 4,800 acres of beets were 
harvested for factory use, an average of 8.1 tons per acre. 
his would seem to leave only 200 acres, or say 4 per cent 


short of the average seeded, which would be explained by 
imperfect stands, unmerchantable beets etc. The yield from 
the beets is about 1 ,400 pounds of refined sugar per acre. 


This factory now employs 178 hands on its two twelve- 
hour shifts including 20 boys. The wages paid in the factory 
are, boys,7% cents per hour; men, 12%, 15 and 17 cents per 
hour; skilled labor by the month, at higher wages. Employes 
are paid j in cash, every ten days or two weeks—at every 

“clean-up. All business is done through the local banks. 
About 20 percent of the employes raise beets for the 
factory. 


As at Norfolk, this factory grew a large part of its 

Sls for the first two or three years. In 1891, it raised 

250 acres of beets near Grand Island. In 1892, nearly half 
the total amount, or 1,183 acres, were raised by the company 
some 60 miles west of Grand Island; 450 acres were raised 
12 miles distant and some 500 acres 100 miles away. In1895, 
the farmers around Grand Island raised 700 acres of beets; 
in 1896, this was increased to 1,300 acres and in 1897, to 2 600 
acres. About one-half the beets are still shipped in by rail, 
some coming (1897) from North Bend, Nebraska, 80 miles 
distant. The company has grown none of its own beets 
since 1892. It had applications from growers last spring to 
plant about 10,000 acres in beets, or double its requirements. 

That locality was settled by a colony of Germans in 
1857. Many of these are among the best farmers, and are 
men of means. There are some Russians and other for- 
eigners, but perhaps one-half the farmers are Americans. 
Much of the hand labor is done there also by contract—by 
the acre, the row, or the ton. 

The farm wages there range from $14.00 to $20.00 per 
month and board; by the day, $1.00 and $1.25. The women 
and children generally work on the contract plan. Many 
girls get $1.00 per day in the beet fields and prefer it to 
housework; boys 10 to 18 years are paid 50 to 80 cents per 
day. Man and team are counted at $2.50 per day there and 
man and horse at $1.75 per day. In exceptional cases, ccn- 
tracts could be made, as in Colorado, at $2.00 per day for 
man and team. 

The same drought prevailed there in 1897 as at Norfolk, 
reducing the yield fully one-third, the average beets being 
Sutous per acre. No crops are raised by irrigation there, 
and no factory beets are raised by that method. Land . 
rentals there range from $4.00 to $7.00 per setae 5122) 
$5.00 is a fair average. 


The following data are given of the operations of this 
factory from the time it started in 1890:— 


GRAND ISLAND FACTORY. 


Year. |Tons of Bects used.| g,tonereted, [Per Gout Sagar made/Pounds of Baga Per 

1890 5,000 368 7.36 147 

1891 11,500 708 646) * 123 

1892 13,000 1,055 8.12 162 

1893 12,000 918 7.65 153 

1894 14,000 ‘ Factory notrun. Beets|shipped to Norfolk,} Nebraska, Factory. 

1895 24,300 1,490 ' 6.13 * 122 

1896 - 30,100 2,516 8.36 167 

1897 39,000 3,399 8.72 175 
Averages. 18,612 1,493 7.50 150 


This makes the extraction for 1897, 1,418 pounds of 
refined sugar per acre of land. The beets used in the 1897 
run averaged, it is said, 12.87 per cent sugar in the beet and 
79.5 per cent co-efficient of purity. 

Special thanks are hereby tendered to Resident Manager 
Henry S. Ferrar for courtesies extended during the visit to 
Grand Island and since then; also for numerous beet analyses 
made without charge, for the Colorado growers. 


GENERAL NEBRASKA NOTES. 


Assuming the foregoing data, as to the operations at 
the two Nebraska Beet Sugar Factories, to be correct, we 
get from reported figures of the average sugar in the beets 
used by these factories, the following tables:— 


| 1890 | 1891 1892 | 1893 
Pericent isagar anatheibeets,s.¢tcees ccicisides «cccesscaeccci dBa20 13.30 14.40 13.30 
Per cent sugar extracted from beets, .................... 7.36 7.00 8.00 8.53 
Per cent of sugar lost in manufacture .................. 7.84 6. 30 i 6.40 4.77 


(This table would be of more value, had we also the 


average purity of the beets for the years stated, and the 
_ full details up to date.) 


* The beets were low in sugar and in purity in 1891 and 1895, owing to cold 
wet weather. 


The United States data of rainfall for 14 years in the 
Loup valley, south of Norfolk, show an average precipita- 
tion of 23.74 inches. The distribution shows most of this 
to be between March and September of each year. This 
indicates adry fall and winter, which are favorable for beet 
ripening and harvesting and also for the factory operations. 

Dr. Max Hollrung, of Halle, Germany, shows the fol- 
lowing mechanical analysis of the soils around the Nebraska 
sugar factories:— 


Per Cent Per Cent Per Cent Per Cent 
Coarse Sand. Fine Sand. | Finest Sand. Silt. 


52.00 


Grand Island (average)........... | 0.72 10.85 63.38 25.05 
44.40 


Norfolk,.... ee roe aed 0.20 3.49 


fitE LER WbAn si BEETeSUGAR FACTORS 


The Utah Sugar company was formed in 1890 and 
erected its factory at Lehi, Utah, beginning operations in 
1891. It was the first beet sugar factory fully equipped with 
American-made machinery. It wasinstalled by E. H. Dyer 
& Company, Cleveland, Ohio. It has made a fine record 
and greatly exceeds its rated capacity of 350 tons per day. 
In October, 1896, it worked 435 tons of beets in one day. It 
requires but 60 hands, including six boys, on each twelve- 
hour shift, where foreign factories of the same capacity use 
100 to 15¢ hands per shift for the same hours’ work. The 
1897 run was made without any delay for breaks and repairs, 
and four tons beets more were cut per day than in 1806. 
The factory uses some 50 tons of Pleasant, or Castle Gate 
bituminous coal per day, costing $3.50 per ton. Its lime 
rock is hauled by teams and costs $2.00 per ton. About 18 
tons per day are used. It is excellent rock, containing less 
than two per cent silicia. Cardiff, Colorado, coke is used 
there. The sulphur used comes from natural deposits some 
100 miles south of Lehi. 

The capital stock of this company is owned in Utah. 
It has a large number of stockholders, including many 
farmers. Its relations with the farmers are close and seem 
very pleasant. General Manager Thomas R. Cutler, Supt. 
C. A. Granger and George Austin, agriculturist, have been 
very courteous and all proper information was promptly 
given us. The factory is located two miles from Lehi and 
thirty miles south of Salt Lake City. The company owns 
about 139 acres of land around the factory, about 42 acres of 
this being covered by a reservoir, made by damming Spring 


Creek. The factory water supply comes from this source 
and from four artesian wells in its yards. The water is 
fairly pure and contains but little alkali. The artesian 
water is the purer. The population of Lehi is some 2,500; 
altitude about 4,535 feet; annual rainfall reported to aver- 
age some 14 inches. 

In 1896 about 74 per cent of the beets came to the fac- 
tory by rail, and 70 per cent. in this way in 1897. The min- 
imum car rate on beets is $7.00, or 35 cents per ton, where 
20 tons are loaded in a car. This rate extends to Payson, 
35 miles, making there 1 cent per ton per mile. 

From Springville—22 miles distance—the rate is about 
25 cents per ton. Perhaps an average car rate is about 2 
cents per ton per mile. The beets are mostly grown around 
Lehi and Springfield, but American Fork, Provo, Pleasant 
Grove, Mapleton. Payson, Riverton, Lake View, etc., are 
other shipping points. The Sugar Company stands about 
one-third of the freight charges on the beets. The Lehi 
Company raised beets on only about 200 acres of land in 
1896 and 1897. 

The season of 1896-97 was the banner year of this fac- 
tory; 43,203 tons of beets were cut and 9,156,000 pounds of 
refined sugar were made. 

The conditions around Lehi are almost ideal for grow- 
ing beets and running a sugar factory. Fully nine-tenths of 
the farms are workedby the owners. The farms vary in size 
from five to forty acres, but there are said to be more farms 
under five acres than there are over forty acres. The farm- 
ers mostly live in the towns, which are but a few miles apart. 
The factory beets in 1897 were raised by about 700 farmers 
on 2,750 acres, thus averaging less than four acres to each 
grower. Mortgages on either farm or town property are 
very rare. There was no delinquent town tax at Lehi in 
1897, and it is said that no tract of beet land has ever been 
sold at forced sale. There is more intense cultivation there, 
less expensive machinery, and more primitive methods in 
the field work. These latter increase the cost of production 
materially, but the families are generally large, and butlittle 
labor is hired on the farms. The women do not work in the 
fields, and the girls seldom work there, unless at home. 
Much of the hand labor in raising beets is done by boys. 
Crop rotation is practiced in an erratic way, and live stock 
is kept on most of the farms, so that manure is freely used 
in fertilizing. As the alfalfa is needed for stock feed it is 
seldom plowed under. All the beets for this factory are 
raised by irrigation. 


—4/7— 


The Utah Sugar company is said to have a capital 
stock of $1,000,000 and a bonded debt of $400,000. It is a 
very prosperous company. The refined sugar produced in 
1896 is said to have cost $3,625 per hundred pounds. Ata public 
meeting held in Ogden, Utah, November, 1897, to establish 
a beet sugar factory there, David Eccles said, among other 
things, “I am an Ogden stockholder in the Lehi sugar fac- 
tory, and I may say that during the past two years they paid 
37 I-2 per cent. dividend on the investment to the stock- 
holders.” The Salt Lake Herald, December,25, 1807, says: 
“The cost of the sugar company’s plant at Lehi was over 
$500,000. It paid itsstockholders no dividend for several 
years. Lately it has paid ro per cent per annum dividends. 
Its stock is held stiffly at $8.00 per share, with few sellers. 
There has not been a delinquent tax payer in the vicinity of 
Lehi for years past.” 

We present the following analysis of the business of the 
Utah Sugar company, for the past seven years. The figures 
below are largely taken from an able report by Henry Mich- 
elsen, of Denver, Colo., on the beet sugar industry : 


LEHI HFACGFORY. 


Average 
ear. | AGze2 | ARSTSES | ee cant | Arwease [oorcant | Tous, ot | Fomde "sear 
grown. ES beets. purity. | “tracted. made. _jton beets. per acre. 
1891 1500 6.6 1. 80, 5.52 550 110 733 
1892 1500 6.5 ai £0. 7.50 737 150 983 
1893 2155 9.7 11.6 19.5 7.65 2050 158 | 1488 
1894 2850 11.5 12.7 80.2 8.41 2750 168 1930 
1995 3300 11.5 13.5 81.5 9.65 3684 193 2233 
1896 3200 | 13.5 13.9 82.5 10.60 4578 212 2861 
1897 2700 6.75 13.2 82, 9.90 1838 198 1337 
Mverages.|) 2551 44 | 424 80.8 8.46 2312 169 1652 


The land rentals around Lehi vary from $7.50 to $15.00 
per acre. Theconditions there, as to irrigation, soil, rain- 
fall etc., are so similar to Colorado, that the study of this 
industry there is of peculiarinterest. A dry spring, deficient 
water supply for irrigation, blight and insect depredations 
were all factors in cutting down the yield of beets in 1897 in 
Utah. The Utah Sugar Company cut 18.560 tons of beets 
in its factory run of 54 days in 1897 and made 3,676,700 
pounds of refined granulated sugar. 


Sc 


The average rainfall for Utah is about 12 inches. It is 
about 16.5 inches near Salt Lake City. December is the 
wettest month, and the largest precipitation of the year is 
between December ist and June 1st, each year; June is the 
dryest month. September shows more precipitation than 
any of the fall months. October and November average 
fairly dry weather, suitable for ripening and gathering the 
beet crop. : 

The soil shows a great diversity around Lehi, but is 
generally a heavier soil than the uplands of Northern Color- 
ado. There is more sand inthe soil near Springville. Many 
Lehi farmers claim the soi] averages better for beets in the 
Springville district. 

He EDDY IN. Mea: BEBTISUGAR FACTOR 


The Pecos Valley Beet Sugar Company erected this 
factory in 1896. The local stockholders have some $16,000 
invested, but the larger part of the stock is owned by J. J 
Hagerman, of Colorado, and by wealthy manufacturers of 
Milwaukee, Philadelphia and New York City. A large part 
of the machinery was formerly in use in Canada. About 
$175,000 is now invested in the business. The factory is 
said to have a rated capacity of 225 tons of beets per day. 
The owners contemplate enlarging it this season, and 3,500 
acres of beets are to be contracted to be grown for its use. 

They use Thurber lump coal—some 30 tons per day. 
This is a semi-coking coal and makes a large amount of gas, 
soot and ashes. It costs $4.55 per ton, unloaded in bins at 
the factory. The blue limestone used, some nine tons per 
day, comes by wagon from Dark Canon, some 12 miles dis- 
tant. It is 97 per cent carbonate of lime, about 3 per cent 
silica (a little too much) with a little iron, sulphate of lime 
and alumina and only a trace of magnesia. It costs $1.75 
per ton at the factory. Pocahontas coke is used, from Mem- 
phis, Tenn. Sulphur deposits have been recently found, 
fifty miles distant, that will supply the factory needs next 
season. 

The Pecos river wateris very alkaline. The town of Eddy 
is supplied with domestic water by a pipe line from Dark 
Canon, two miles southwest. This supplies the factory when 
in operation also with a million gallons per day. 

The factory cut an average of 134 tons of beets per 
day, the first season, and about 160 tons per day, during 
the last year’s run. The company receives its beets “on 
board the cars at any station on the line of the Pecos Valley 
Railway,” paying its own freight. It started the factory 
operations in November, 1896. and November 15, 1897. 


The factory employs about 60 hands on each shift. A local 
stockholder says the company has estimated that the pres- 
ent working capacity of the factory can be doubled by an 
expenditure of $25,000. The present factory capacity is too 
small to secure the best results. The factory beets are raised 
at various points between Pecos City, Texasand Roswell, New 
Mexico. The Company raised 200 acres of beets in 1897. 
All its beets are raised by irrigation. Some 2,000 acres of 
beets were planted last spring and only about 1,700 acres 
were harvested. A fungus disease, blight and insect depre- 
dation, are given as causes of the small yield last season. 
One car load of beets in 1896 ran 24 per cent sugar in the 
beets and 92 per cent purity. 

Supt. Vallez planted ‘mother’ beets in the spring of 
1897, raised beet seed, planted this seed and raised beets 
for the factory, allin the one season. Some 30 tons of 
“mother” beets were kept over and planted in February, 
1898, to raise seed. They tested 19 per cent sugar and 84 
per cent purity. 


EDDY FACTORY. 


1866 1807 
ROUSE ERICOLSA LEO WIL 1s. cts.sccid7Oe trata shae tees anpaitistcieaaie oat a o<o tical .cnicim e os. 1500 1900 
Romer Of D6Ots: PLOUUCEM «..).\cc reac sens olan ad arcs weaned oo evedinws 7800 5700 
Average yield of beets ifi toms per acre............ cece cece tees yar? 3.0 
GETeOUTLOL-BUCAI 11. DOCLS soc 27cpmccemie cles atecctacisisiveitateee cin se00.0s 16.2 14.2 
Bamtcent of purity of beetss. cup ame tincas Sirk sonckenens o-es 82.0 | 80.0 
Per cent of sugar extracted from beets.............00e200 ceeeeees 5.77 10.53 
Pounds of sugar made per ton of beets.............c..ece ee eee ee 116 210 
Pounds of sugar made per acre of beets.......... 0.2... -.2- cee ee 600 632 
IN GHSTOL PULAT. DLOGUCOG acts staat ante vciastenmnaeie/leey rane eG sarciaiels Mecacts sisfa%s 450 600 
WAV SP TACLOLY LUN goo doris teers alcoves tad celine «dace: s.0'eis 60 40 


The population of Eddy is about 1,200. The Pecos 
Valley has an ample water supply, and a fine canal and 
reservoir system. The water assessments on lands is $1.25 
per acre per year. The valley is a natural fruit garden, but 
is new, and lacks the farming population and, perhaps too 
the close careful cultivation, deep plowing, crop rotation, 
and knowledge of irrigation that pertains to the older 
farm districts of Colorado. It is doubtful also if beets do 
well when planted late, and grown during the extreme heat 


of their summers. It may be possible to grow there two 
crops of beets—an early one anda late one. That will be 
tried this year, since the company advises the farmers to 
plant a part of their beet seed early and the remainder 
between June 15 and July 20. There is a large amount of 
gypsum inthe soils there, and the lime rock crops out on 
the surface over large areas. The wintersare mild and 
the records show at times high ranges of temperature in 
May, June, Julyand August. The average precipitation 
there is about 13 inches, but in 1897 it was15.5inches. The. 
records show peculiar conditions—the rainy months being 
July, August, September and October. May is generally a 
dry month; in June there is more moisture. The record at 
Eddy for three years shows no precipitation in March, and 
very little in April, or November- The dry months are 
November to June inclusive. 


COST OF GROWING SUGARSDE Es 


The investigation as to the cost to the farmers of grow- 
ing the sugar beets has been very thorough. It covers the 
personal experience of 116 farmers, growing beets for the Nor- 
folk factory, and also a large number around Grand Island 
and Lehi. It involves the question of labor, machinery, 
land rental, distance from factory, etc. In allicasesane 
data cover all details from seed to delivery at the factory. 
The land rental is also included in each instance, whether 
the grower owns the land oris a tenant. The yield was 
obtained for 1897 and also for other years when pos- 
sible, and the data enable us to figure the cost per acre and 
per ton, with the profit or loss. The figures obtained cover 
no allowance for cost of fertilizers, nor for profit on the beet 
tops, leaves and pulp. It was assumed that with our syste- 
matic crop rotation and alfalfa fertilizing in Colorado, the 
soil would ordinarily be rich enough. 

In considering the figures obtained, we must remember 
that the beet crop of 1897 in Nebraska and Utah was only 
about sixty per cent of the ordinary yield, while in New 
Mexico the results did not warrant making any figures on 
cost of production. A larger tonnage would increase the 
cost per acre of topping and delivery to the factory. In 
general, however, the grower overestimates his yield, in 
giving the figures for 1897. By a like human tendency he 
may forget to mention some items of expense, or under- 
value them. Where the factory does not receive all the beets 
before freezing weather, there is certain labor in putting the 
beets into pits, or silos, with a later uncovering and rehand- 


ling. This matter and the taking of sample beets to the 
factory before digging, to ascertain if ripe, are uncertain 
items of expense. It is assumed that any beets raised, that 
were not of proper sugar content or purity, would be worth 
the factory price in Colorado for feed for cattle, sheep or 
hogs. The figures are made uniformly $4 per ton for the 
beets, as representing probable conditions here. The 
Nebraska growers received $5 per ton, one year, under a 
bounty law. The Utah growers were paid $4.25 per ton in 
1896 and are to receive that price this year. 


NORFOLK FACTORY. 


The 116 beet growers, whose figures were obtained 
around Norfolk, claimed to have grown 1941 acres of beets 
of beets in 1897. The average yield given me was 9.4 tons 
(which at $4 per ton gives $37.60) average cost per acre 
$26.56, and average profit per acre $11.04, above all expenses, 
including delivery of beets. to factory, rental, etc. This 
covers yields of from five tons to fifteen tons per acre and 
met results from a loss of $7.55 per acre to a profit of $29 
per acre. 

Believing in conservative figures, we think the yield to 
have been actually about eight tons average per acre there 
for 1897, while the average cost per acre may be put at $30, 
and the average profit at $2 per acre. It has been a hard 
year for the beet growers. 

The contract price and usual cost of thinning beetsat Nor- 
folk is $4.00 per acre. The 18 pounds seed at $.15 was ar- 
bitrary, under the contract. Here is given the actual de- 
tails from a German grower, Herman Wachter, asa typical 
instance, as he hires no help outside of his family and his 
beets were already dug, and delivered to the factory, thus 
verifying the yields: 


SUGAR BEET GROWING, NORFOLK, NEB. 
Name, Herman Wachter. Address; Norfolk, Neb. 


Acres grown, 10 Yéar; 1807. 


EXPENSES PER ACRE WERE: 


12 ron pb -c0 baeina pe a sen OOS Oe mE te DEnoe obi ban GoOU Hb ao.cedd con db an 2g, 00bS0 650S0n nbds no naSane $ 1.50 
Harrowing........ wk relearn t 


Rolling vor loveling es cence cee dot -ctslo os clio eeieete ere clanelisi #feletegeiatalatainl=[aforernjatcieraie siaietel stele 1.00 
[SPovers tei (cailll ofa Oe! OK apa eomnGeinpeaeece noah oo On ae aonadace jumoce Jacsro cons Jace sms eda 93090 2.70: 
Seo bhai ab chencid y Gecacceoneas Oca nono cosoGcsI5O0 2b eearlsrs Rtakeh etaree si aivee tes UE Sarno Mises here -50 
(Ghillahiinud- aa iahnitelsi Oks Dx Onemnpannbe en nbd omcounabs Goon canon ooence sadhnoerbanage 04 Goe .80 
Mid nb Sababndk se ahica.cenne Ob BES aaa BEN 00 
lakoysrbekee, By bee) (OL see onde soos causda ds Jo cose .00 


1 
4 
LETT bie sds dennis Arne lee che ie AME MOLARS GORD COG UMRAO Susan mob Gn sciciias Obusaede ca daee ce 1.00 
i Wao) op baY soe ae ea Ua Date Seon amene Somerton anh. ceuneeanobodsmountaon oSnONBAdLO OSE 3 
LakjoukGarees AKO onov- qu ibe gud vowy OP Kee me og ers lnn opts. 1g sae ode choo cninceck inns ooo cuea cys 2 
Roentalrof land sper, Gere saccya tt occ cc on) ste ease oes hee crc otele ereerieaer eA ates nls efeicel Renate ea 5.00 
Total! Coster aCrelt se Anes atee tic seed ieiele a net nal ateeseetet eee mens 
Nield’, 10'tons:per ‘acre Rd wees oceeene cet eae ace ee chee Gener 46.00 


Net DIOLib Sr ACRE s.cicite Sesser epee secte anes ats rea Avie alerts Ren Poel eer 11.40 


Cost per ton, $2.86. Net profit per ton $1.14. 


OTHER CROPS GROWN BY ME WERE: 


YEAR. | Acres grown. |Yield per accre|Cost per acre.|Profit per ton.|Profit per acre. 
1891 3 16 30.00 2.13 34.00 
1892 5 16 30.00 213 se 200) 
1893 4 17 31.00 2.18 37.00 
1894 2 6 23.00 ate S00 
1895 12 4 29.35 1 90 26 .65 
1896 12° 12 29.00 1.58 16.00 


Oct. 11, 1897. 


An increase of $1.00 in cost of topping, would have 
made Mr. Wachter’s details for 97 tvpical of most of those 
obtained; the data vary generally in the number of times 
cultivating and hoeing, the yield, the hauling, and land rental. 


GRAND ISLAND FACTORY. 


At Grand Island the inquiry as to cost of growing the 
beets was less thorough, owing to a special request to look 


into the question of cheap foreign labor, claimed to be used 
in this industry. The details, covering the growing of 4509 
acres of beets around Grand Island, Lockwood and Rivers, 
Nebraska, show an average reported yield of 9.5 tons (pay- 
ing the grower, $38.00,) average cost per acre $28.73, and 
average profft per acre of $9.27.. The actual average yield 
reported from the factory there for 1897 is 8.1 tons per acre. 
The yield reported there varied from five tons to twelve 
tons per acre, and the ze/ results from $17.00 per acre profit 
to $12.00 per acre loss. Upon a review of these figures, the 
increased cost seems to be from the grower’s living more 
distant from the factory—many shipping by rail. The 
average cost per acre may be fairly put at $30.00 there, the 
same as at Norfolk. The officials at both these factories 
put the cost per acre at the value of seven tons of beets, or 
$28.00 per acre. 

Mr. R. M. Allen, of Ames, Nebraska, president of the 
American Sugar Growers’ Society, and who raised for several 
years an average of over 500 acres of sugar beets, keeping 
the exact details of every item of cost, is firmly convinced, 
from his own records and experience, that sugar beets can 
be grown and marketed in Nebraska, at a cost of $30.00 
per acre. 


LEHI FACTORY. 


George Austin, agriculturist for the factory at Lehi, 
gives the average cost to the grower of raising beets there 
for the past seven years, at $32.50 per acre. Thisdoes not, 
however, cover the land rental, which is from $7.50 to $15.00 
per acre in that locality. We have averaged the rental at 
$10.00 per acre. The figures given me on the yield there 
average 10.1 tons per acre, but the actual average yield of 
all beets grown in 1897 was 6.75 tons per acre. From the 
figures given us, the average cost per acre there is $40.00. 
This may be assumed as fairly accurate, since there is added 
to the Nebraska cost, an average of $5.00 per acre increased 
rental, the cost of irrigation and a lack of proper machinery 
to do work quickly and cheaply. The one-row cultivator 
is often used instead of the four-rowed machinery, while the 
beet puller, used in Nebraska, is not used or known in Utah: 
As a comparative instance, a grower at Springville reports 
20 tons of beets per acre. Prices of labor are the same 
there as in Nebraska, yet he reports a cost of $14.00 more 
per acre than the current figures around the eastern facto- 
ries. Very little of the work is done by contract in beet 
growing in Utah. 


PROFIT IN GROWING SUGAR BEETS. 


In these average conditions we include the failures. 
The prospective beet-grower will probably judge that he can 
do better than the average. Large yields are regularly ob- 
tained by those farmers who do thorough, clean work. 
Twenty to thirty tons per acre are not uncommon yields, 
while over forty tons are reported, on good authority, as 
being of proper sugar content and purity. 

In 1893, the Standard Cattle Company, of Ames, Neb- 
raska, R. M. Allen, manager, raised 500 acres of sugar beets, 
and shipped 7,514 tons, over 100 miles to the Grand Island 
sugar factory. The average yield was 17.46 tons per acre. 
Among the yields were 5 acres averaging 30.2 tons, 28 acres. 
averaging 22.7 tons and 59 acres averaging 20.5 tons per acre. 
After reserving the unmerchantable beets and topping the 
balance, the factory shipment averaged 15.02 tons per acre, 
net yield. After paying some $6,000.00 freight charges, 
there still remained a xe¢ profit of $6.25 per acre, besides. 
over 1,200 tons of beets for cattle feed. 


BEET CONTRACT 


WITH 
UTAH SUGAR COMPANY FOR 1898. 
PACH OS ad Lehi, Cia ee ee 7TS98. 
This agreement made and entered into this...... day of 


Be Mee 1898, between the Utah Sugar Company (a cor- 
poration).the! first-party and......)...2.aseieees eee 
of Lehi, second party, witnesseth: That the first party 
agrees to purchase from second party any and all beets he 
may produce (from seed furnished by the first party at the 
tate-of Ts°cents per pound ) on the... eee acres of land 
hereby agreed upon, that do not weigh over 3% pounds each 
and contain not less than 12 per cent sugar in the beet and 
that have a purity co-efficient of not less than 80 per cent, 
paying him therefor at the rate of Four Dollars and twenty- 
five cents per ton, delivered and piled ina proper manner 
under first parties’ direction and unloaded at the Utah Sugar 
Company's factory at Lehi at cost of second party in first 
class condition, with the tops closely and squarely cut off at 
the base of the last or bottom leaf. The beets so delivered 
shall reach all the requirements of this agreement, and not 
contain any diseased, frozen, damaged, or improperly topped 
beets, nor any beet that weighs over 3% pounds, otherwise 
the entire load so being delivered may be rejected. The 


dirt weighed with the beets shall be tared and deducted 
from the gross weight by the first party in its customary 
manner, and shall be conclusive. Payment shall be made 
on or about the 15th day of each month for beets delivered 
the previous month. Said beets to be delivered only when 
ordered by the first party up to October 15th, 1808, after 
which time and until November 3oth, 1898, second party 
may deliver beets as fast as they may desire if the said beets 
reach the required standard. To ascertain the quality of 
the beets, the first party shall at various times before and 
including November 30, 1898, and also at times of delivery, 
sample and polarize in the usual manner, the results of 
which shall be conclusive. If said beets have not reached 
the required standard by November ist, 1898, tested in the 
usual and customary manner, and if after that time and up 
to time of the delivery attain it, then the first party may 
deduct 50c per ton from the contract price. After the 30th 
of November, 1808, it shall be optional with the first party 
whether or not it accepts any beets that have not been 
delivered. The second party hereby agrees to plant, culti- 
vate, and harvest,ina husbandmanlike manner...... acres 
of sugar beets on the land agreed hereon and protect them 
from the frost and sun while being harvested-and delivered, 
and deliver them at the times, places, and in the manner set 
forth in this contract for the sum of Four Dollars and 
twenty-five cents per ton, to be paid as above set forth. 
This contract zs not transferable. 
UTAH SUGAR COMPANY. 
U3 fig Ci eee eee MORE fe Tie ys 


CONTRACTS BETWEEN FARMERS AND FACTORY. 


We present the above 1808 contract of the Utah 
Sugar Company, as asample form, which in its general terms 
has been used for years, and has satisfied the growers. The 
1897 contract was identical, excepting that the price was 
then $4.00 per ton, and the beet seed 18 cts. per pound. 
This factory will use in 1898 about 33,000 pounds of German 
seed and 26,000 pounds of seed of its own raising. Home 
grown seed was used at Lehi and in the Pecos Valley, N. M. 
last year and produced better results than any imported 
seed. Inthe seven years the factory has run, it has not 
rejected over 2 per cent of the beets, on an average, for size 
and deficiency in sugar or purity. They have contracted 
3,500 acres to be grown there to beets this year. 

The two Nebraska factories use the same form of con- 
tract. That for 1897 agreed to pay $4.00 per ton, for 12-80 


beets, $3.25 for.11-75 beets and $2.50 for 10-70 beets. The 
erower was to pay 15 cts. per pound for beet seed and plant 
18 pounds. Beets of any weight are accepted. Their. 1898 
contract is changed. They agree to pay for beets containing 
12 to 14.4 per cent sugar and not less than 78 per cent purity 
$4.00 per ton; for beets of equal purity, and 14.5 to 15.4 per 
cent sugar $4.25 per ton and 25 cents per ton additional for 
every like per cent of sugar over 15.4 per cent, and purity 
not less than 78 per cent. Then 11-78 beets are to be $3.50 
per ton; 10-70 beets $3.00 per ton. Fifteen cents per ton 
reduction for every degree (or fraction thereof) of purity 
below 78, and no beets to be accepted containing less than 
10 per cent sugar and of 73 per cent purity. The contract 
at first provided that if Hawaii is annexed to the United 
States, a reduction of 50 cents per ton is to be made from 
all the above prices; but this clause was cut out. The grow- 
ers may also have a chemist check the analyses at their own 
expense. 

The other Oxnard factory, operated by the Chino Val- 
ley Beet-Sugar Company, of Chino, California, makes a 
reduction in its contract of 15 cents per ton for each and 
every degree of purity below 78 per cent, and of 5ocents per 
ton for each and every per cent of sugar below 12 per cent, 
down to and including to per cent, below which no beets are 
to be received. The company pays $3.50 per ton for beets 
with 12 per cent sugar, and 20 cents per ton increase for 
every additional per cent of sugar in the beets. It reserves 
the right to reject very large beets. The growers are allowed 
to have a representative in the tare room, and the weigh 
room, and a check chemist in the laboratory. 

The Pecos Valley Beet-Sugar Company pays under its 
contract $4.00 per ton for 12-80 beets. 

_ The Spreckles Sugar Company, of Watsonville, Califor- 
nia, has a very simple contract. It provides beet seed at 10 
cents per pound. It rejects beets weighing over five pounds, 
and deducts 5 per cent tare in all cases, for dirt etc. It pays 
$4.00 per ton for all beets, and makes no limitations as to 


sugar or purity, except that they shall be fit for sugar-making 
purposes. 


GENERAL CONTRACT NOTES. 


All beet contracts are for one year only, and define the 
acreage of beets to be grown, agreeing to take all that are 
as per contract. In all beet contracts the grower is to be 
paid the 15th of each month for all beets delivered the pre- 
vious month. All factories provide the beet seed to be 


planted and supervise the growing of all beets by their field 
agent’ The factory determines when the beets are ripe, by 
chemical tests of sample beets delivered by the grower, and 
directs when they shall be dug and delivered. 


THE LABOR PROBLEM. 


Perhaps the most serious problem involved in the grow- 
ing of sugar beets, is the large amount of hand labor required, 
a part of which, the thinning and weeding, must be done on 
the hands and knees. The topping of the beet is another 
tedious matter. The hand labor, on the knees in the dirt, 
is a factor which the average adult American farmer will 
personally reject. The natural inference, in seeing women, 
children, Germans, Russians, Chinamen, Japanese and Mex- 
icans doing this hand work, is that it is cheap labor, or foreton 
contract labor, and that such cheap labor is a necessity to 
produce the beets and sugar at the current market price. 
The investigation does not warrant any such idea. It isnot 
a fact. It is simply an humble occupation, rejected by those 
tillers of the soil who can do better in raising other special 
crops. The prices paid the Chinese and Japanese for work 
in the beet fields of California, are reported to be fully equal 
to Nebraska and Utah wages for similar work. The beét 
growers of Anaheim and Chino employ white labor exclu- 
sively and profitably. The price paid per day in the beet 
fields, is everywhere the same as that paid for other farm 
work. Oncontract work it often exceeds the ordinary farm 
wages, and it is reported that some Chinese laborers have 
made $3.00 per day in this way, on contract work in the 
Pajaro Valley. 

The beet-sugar factories in Nebraska faced this prob- 
lem in the first three years of their operation. It threatened 
their very existence, and endangered the million dollars 
invested. It was solved by bringing in Germans and Rus- 
sians from other parts of the state, who took the work gladly 
at current prices. 

It has been the serious problem to every factory, how 
to get the labor to raise the proper beet tonnage. Atcurrent 
Nebraska contract prices, of $4.00 per acre to thin the beets, 
and the same amount to top them, this pays $8.00 for hand 
labor, on every acre of beets grown. It requires work equal 
to one person six days at $1.33 cents per day. Each Neb- 
raska factory requires the beets from 5,900 acres of land. 
Leaving out any hand hoeing, we have necessary then, for 
each beet-sugar factory, hand labor equal to that of 30,000 
persons for one day! All thinning too must be done in less 


than thirty days, requiring, therefore, more than five hundred 
persons to be at this work during that month. 


COST OF MAKING BEET SUGAR. 


Few facts are made public regarding this important 
question. 

The figures obtained are incomplete. The results in 
113 German beet-sugar factories in 1889-90, showed the mean 
capital invested in each factory to be $193,400 and the mean 
net profit for each factory, $34,240, or nearly 18 per cent. 
The average sugar product is not stated. These factories 
used an average of 10,503 tons of beets. <The profit per ton 
of beets was $3.26. 

Unofficial data from Lehi, Utah, show the 1896 expenses 
to have been — 


Gost: of43,203'tons beets). fae $190,000.00 
abort tactOry.) ~ ec ee eeee oeeee 32,000.00 
(oalneok 6 etC. i. ac eee 30,000.00 
Limestone, sacks, filter cloths, oil etc. 25,000.00 
Interest, 8 per cent on $400,000...... 32,000.00 
Salaries, insurance;fepairs étc.....7. 20,000.00 

UROt Aes Ao. St aa te ee $329,000.00 


This makes the cost of the sugar_$3.60 per cwt. 
FACTORY CUSTOMS. 


The grower is required to take sample beets to the fac- 

tory at intervals in the fall, that the chemist may determine 
when they are ripe. At some factories the beets can only 
be delivered when required. They may be ripe, but they 
cannot be dug. A rain may come, followed by warm wea- 
ther, and the beets may begin a second growth. Then a 
test may show they are below standard, in which case they 
may be taken at a lower price, or they may not be taken at 
all, ze, they may be too low in sugar and purity. If the 
factory delay its call until freezing weather, then the beets 
must be pulled and covered in pits, at the grower’s expense 
for handling, and perhaps some loss by freezing. 
_ 4 tare is deducted at all factories for dirt and any 
improper topping of the beets. Asample lot is taken usually 
from each wagon load, and several samples from each car 
load, and the dirt is removed with brushes or a dull knife 
and the beets are properly topped, if necessary. The loss in 
weight determines the tare per ton. 

When the beets are bought on a value based upon their 


sugar percentage and purity, the grower sometimes thinks. 
the factory is unjust, and rates the beets too low. A check 
chemist is permitted the growers at such factories, but he 
is seldom employed, especially if the contract states that 
the factory test shall be final. 

Some of the factories furnish quite an amount of the 
seeders, cultivators, and pullers, charging a rental. The 
Lehi factory seeds most of the land for the growers, charg- 
ing 40 cents per acre, besides the seed. 


BEET MACHINERY. 


The best machinery we saw was at Norfolk, Nebraska; 
there are three seeders used there. The Jewell four row 
beet planter is made by Jewell Brothers, Platte Centre, Neb. 


PN, 


© The Superior Drill Cal,of Springfield, Ohio, al. || 
a four row beet drill; and the Moline Plow Co., of Moline, 
Ill.,: sells a two row beet seeder and a two row beet culti- 
vator. The Deere & Mansur Co., Moline, III.,’sells two 
varieties of two row beet cultivators. They also sell an 
adjustible beet puller, a cut of which is shown herein. This 
isanadaptation by Theo. Hapke, of Grand Island, Neb., from 
the more cumbersome beet pullers used in Germany. A 
puller is made by the local blacksmith at Norfolk, Neb., 


which some prefer. The forks are slightly curved and nar- 
rowest at the center. 


FACTORY REQUIREMENTS, MACHINERY, ETC. 


The Sugar company at Norfolk, Neb., was given a 
bonus of $100,000 cash and fifty acres of land to build and 
operate its factory there. The Grand Island company is 
said to have been given also a bonus of $100,000. The 
Utah Sugar company was given as a bonus, quite an amount 
of land for the factory site, including a reservoir covering 
some 42 acres, together with all water rights and privi- 
leges connected with it. 

The first necessity of a beet sugar factory is that it have a 
sure supply of good beets. A modern factory of the mini- 
mum size for economy now built, will cost some $300,000, 
besides the capital to run it. This would use 350 tons of 
beets per day, and would need beets to be grown on from 
3,000 to 5,000 acres of land. Allowing for crop rotation, 
this means that some 10,000 to 15,000 acres of good beet 
land should be fairly near a sugar factory. Such a factory 
would use some 50 tons of coal, and say 20 to 50tons ofgood 
limestone per day. The lime rock must be very free from 
silica, iron, magnesia, or sulphate of lime. Itmust be nearly 
pure carbonate of lime. One of the verv necessary needs 
is a fair amount of good water, not alkaline, for steam .pur- 
poses, diffusion process, praying the sugar, etc. It is claimed 
by French sugar journals that it is never desirable to use in 
a diffusion battery,,a water containing more than one part 
of solid matter in two thousand. 

The following isan average of 25 analyses of the water 
of the Pecos river, at Eddy, New Mexico, showing the solids 
in 100,000 parts of water. 

Chloride‘of sodium)... ... 4 2 ee 100 

Carbonate of lime 


ite Oe eee ee 10 
Sulphatetof lime a... sl). ee er 1 
Carbonate of magnesia !..: Won. eee 2 
Sulphateot magnesia... ).., 6. 2a alee 50 
mili Cane AS A agcua eres ott, thee an ee 2 
Alumina and sesqui-oxide of iron............. 3 
SUBS Saga shed ees gate. eaenssctos A a ee 2 
300 


A like average of the analyses of 25 samples of water 


from Dark Canon, shows in 100,000 parts of water, solids as 
follows : 


Carbonate of lime ORE Se Wind biuceinas SAR 20 
Sulphates of lime and magnesia. ....... 2:.4..0. 28 
Re enleCrOr SOCIRIN gt sicie. 3 6. os Paws bay mee I 
Siig amin -CUC hurd cates. lcs, eo eee I 
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FEEDING SUGAR BEETS AND BEET PULP. 


Volumes might be written on the value of the sugar 
beets for food. ‘Chey area table delicacy that should be 
grown in every garden. As food for cattle, sheep and hogs, 
they may be profitably grown byeveryfarmer. One farmer 
pertinently says, ““There is no better factory for the profita- 
ble use of sugar beets than running them through the live 
stock on the farm, and converting them into milk, meat and 
manure.’ An analysis shows the dry material contains 
about the same nitrogen, free extract, and crude protein and 
about one-half the crude fat of ground wheat. In Utah 
they are largely used as hog feed, and it is even claimed 
that their use will prevent the hog cholera. 


The beet chips (tops) and leaves are also largely fed 
where the beets are raised for the factories. In France the 
beet chips are worth $2.70 and the leaves $1.30 per ton.- 


The beet pulp produced at the sugar factories is of 
especial value asa food for live stock. At the Nebraska 
factory it is given away free. At other factories it is sold 
iomoo.75\centcyper ton. At, or near all the factorieso 
very large number of cattle and sheep are fed. It isa fine 
feed for dairy cows, but care must be taken not to feed an 
excess with alfalfa hay, as it is too fattening. It has proven 
to be especially good food for sheep, when used with alfalfa 
hay. 

The factories produce in pulp about 50 per cent in 
weight of the beets, or say 180 tons per day at Lehi, Utah. 
In the silos it loses about 10 per cent more water by the nat- 
ural compression and is like a soft cheese. In Nebraska 
the pulp contains about .5 per cent sugar and in Utah about 
.3,per cent sugar. 


Prof. H. W. Wiley writes, January 10, 1898, ‘Beet pulp 
is not a complete ration by itself, but needs to be fed in con- 
junction with a rich nitrogenous food, such as cotton or 
linseed meal, peas, beans Or clover. Beet pulp is easily pre- 
served in silos, does not tend to ferment, and can be kept 
indefinitely, when properly preserved.” 


—h2— 


Prof. Wiley in this letter gives the composition of a 
beet pulp containing 60 per cent of water, as follows : 


Per Cent. 

MOisturé sc oo 8. 6 ltate 6 eS ee ol eet eee 60.00 
ING ee cee ok se At begs 8b = ee Fe hee ear aH 
Crude protein. pes ee eee 2.98 
Bibef, ss .ccomk + 0 8 Foae > 28 a eee S72 
Nonf-nitrosenous mattel,, -..6 sere ee eee 2477 
Fats, 3 ec cats Ooh oe ek ene ree ee Nes 

LOCALS: Seisth ee CR Ree eee 99.95 


At the Lehi sugar factory the pulp is carefully stored in 
immense silos built in the ground, without any covering. 
About half a per cent in weight of salt is sprinkled on every 
layer of pulp as it goes into the silos. These two silos are 
built of heavy timber and are 1o feet deep 20 feet wide on 
the bottom, 24 feet wide on top and 800 feet long. Storage 
capacity of both, 14,000 tons of pulp. They are floored. 

Tracks are run into the center of these silos, which are 
open at one end. A water-way is built under the center of 
the tracks, to carry away the water draining from the wet 
pulp. The tracks run between the feed yards, and horses 
pull the small cars out of the silos. The pulp is fed in open 
troughs and the alfalfa hay from racks. The pulp is fed to 
both cattle and sheep. The stock have always access to 
plenty of hay, pulp and water. They never feed a pound of 
grain in fattening the stock, unless the pulp gives out. In 
1895 they fed the pulp which had accumulated for three 
years. Both here and at Eddy the sheep seemed especially 
fond of the dry pulp from the top of the silos. 

The cattle at. Lehi were put on this feed November 3, 
1897, and the sheep about two weekslater. The cattle get on 
full feed in about ten days, and the sheep at once. They 
were a rough lot of cattle but many were then (Dec. 20) 
ready for the butcher. The sheep were mostly May lambs, 
with about 200 head of broken mouthed ewes.’ They were 
in splendid condition, not ten poor sheep in the lot. Supt. 
George Austin says that they feed about a hundred days; 
that cattle consume about 15 pounds of hay and roo pounds 
of pulp per day, and the sheep two pounds of hay and three 
to four pounds of pulp per day. He said from the way the 
sheep were gaining they would reach the market averaging 
go pounds per head. (They were weighed into the yard at 
Go pounds per head.) He also says that the pulp gives the 
best results after fermenting in the silos for thirty days, and 
should not be fed before then. He says that if there be any 


criticism on this feed, it is that the stock get ¢oo fat, but that 
the sheep top the Chicago market and find ready sale also 
in foreign markets. They have not nearly enough pulp to 
supply the local demand. 

At the Eddy, N. M. factory stock yards they are feeding 
only sheep this season. The sheep there are said to use 
per day eight pounds of pulp and one pound of hay per 
head per day. 

From the Grand Island factory pulp is furnished to feed 
sheep at Shelton, Nebraska. Ed Graham, (manager for 
E. F. Swift) and Matthews and Stockwell are feeding there. 
The ijatter wrote Jan. 1, 1898, that they are feeding 25,000 
head of lambs onthe pulp; that they consume about three 
pounds per head per day, and that the freight on pulp is 30 
cents per ton from Grand Island. 

John Reimers has fed pulp to cattle for three years 
ap Gatand’ Pisiand, “Fle-cuses= pabout’ “so. »pounds#ron 
pulp, 20 pounds corn meal, a little bran, and oil cake, and 
the usual amount of hay per head per day, as a full ration. 

Hake Bros., of Grand Island, Neb., fed 200 head of 
cattle and 20,000 head of lambs on beet pulp, at the factory 
feed yards this season. They have fed cattle on beet pulp, 
both there and at Norfolk for several years. They feed 
about 80 pounds of pulpand 12 to 20 pounds of corn meal 
per head per day. They say that the cattle coming to the 
feed yards from the ranges, find the moist pulp a great help 
in making the change from grass feed to hay; say the sheep 
get ona full feed of pulp within 24 hours, and that the 
lambs use about 4 pounds of pulp and 1 to 1% pounds of 
corn meal per head per day, mixed, beside the hay. 

W. H. Butterfield fed 1,000 head of cattle on pulp at 
the Norfolk, Neb., sugar factory yards this season. Has 
fed there several years. He feeds about 70 pounds pulp 
mixed with 15 pounds corn meal per head per day; also all 
the hay they will eat. Says the steers on this feed use 
only about a ton of hay per head during the entire feeding 
season; says beet pulp is an especially fine feed for sheep. 


CONCLUSIONS. 


That the beet sugar industry is stillin its infancy, or in 
the experimental stage, both as to the factory operations and 
the growing of sugar beets by the farmers. American in- 
ventive genius has not yet found enough demand _for this 
special factory and farm machinery to fairly grasp the prob- 
lems and solve them, namely: How to simplify the mechani- 
.cal and chemical methods and save the necessity of the pres- 


So 


ent great cost of beet sugar factories, and how, to reduce the 
handlabor in the fields, or do away with it entirely. 

That 'a'sure supply of sugar beets may be obtained 
every year for factory uses, where raised bycareful, thorough 
farmers, having an ample supply of water for irrigation. 

That many localities in Colorado and adjoining states. 
have every qualification necessary to establish a paying 
beet sugar factory, excepting the laborers to raise the beets. 

That a single beet sugar factory will produce enough beet 
pulp ina single season’s run of 100 days, to fatten 35,000 head 
of sheep—the pulp filling the place of hundreds of cars of 
corn, now shipped to this State every fall and winter. That 
this pulp would be produced just when needed for feeding, 
and should bea stimulus to that industry anda profit to a 
Colorado factory. 

That to becomea leading national industry, it must be 
so simplified as to be beyond political hazard and the need 
of a protective tariff. 

That acloser relation must obtain between the producer 
of sugar in the field and those who extract it, at the factory, 
so that the profit may be believed to be more equitably 
shared. The present enormous expense of factory con- 
struction invites this, since the beet grower risks but a 
few dollars in farm machinery, and can stop growing 
beets any time, while the greatest risk to the factory, under 
proper management, is a shortage in its supply of beets. 

That when the conservative Colorado farmer under- 
takes to grow sugar beets commercially, he will as surely 
succeed and top the mark and market in that industry, as 
he has in the growing of wheat, potatoes, fruit, and melons, 
and in the feeding of sheep on alfalfa hay. 
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POCORRDO LEPIDOP TERS 


CLARENCE P. GILLETTE, 


Since entering upon my duties as Entomologist of this Station, 
I have kept records on all our captures of insects within the State. 
These records contain notes in regard to dates and localities of cap- 
tures, names of collectors, food-plants, altitudes, and such other data 
as might be considered of interest. 


There have been requests that these records be published for 
the information of those who are interested in entomology, but who 
cannot have access to our collections and records. Bulletin 31, gave 
our records upon the order Hemiptera, and in the present paper are 
given our records upon the order Lepidoptera, so far as the species 
have been determined. 


Tn this connection, I wish to state that I am greatly indebted 
to the following specialists for the determinations of the great ma- 
jority of the species here reported: Dr. J. B. Smith, Dr. C. H. Fer- 
nald, Rev. Geo. D. Hulst, Mr. David Bruce, and Dr. Henry Skinner. 


Opposite each species in the following list will be found one or 
more of the Accessions Catalogue numbers. By looking up these 
numbers in the list of Accessions Catalogue numbers, following the 
list of names, the records of each will be found: 
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LIST OF SPECIES WITH THEIR ACCESSIONS 
CATALOGUE NUMBERS. 


RHOPALOCERA. 

Family NYMPHALIDAE. 
Danais archippus—1001, 791. Vanessa milbertii—548, 689, 791. 1002, 1531. 
Danais berenice—2806. Pyrameis atlanta—741, 785, 1002. 
Danais strigosa—2806. Pyrameis huntera—1002 
Agraulis vanil!e—2806. Pyrameis cardui—786, 791, 1002, 1115. 
Euptoieta claudia—564, 688,691, 1002, 2196. Pyrameis carye—1426, 2565. 
Argynnis leto—2806. Junonia coenia—2806. 
Argynnis cipris—638, 655, 2686 Limenitis ursula— 2806. 
Argynnis electa—785, 787, 788, 791. Limenitis ursula, var. arizonensis—1390. 
Argynnis hesperis—640, 790, 791, 2196, 2214, 2216. Limenitis weidemeyerii-- 537. 564, 638. 
Argynnis halcyone—7838, 791, 2143, 2149. Limenitis dissippus—566, 1002. 4 
Argynnis nevadensis, var. meadii—788. Aptura montis—2196. 
Argynnis edwardsii—785, 787, 818 Ansea andria—2806 
Argynnis liliana—781. Debis portlandia—2806 
Argynnis eurynome—-684, 787, 792, 1368. Neonympha canthus—2806. 
Argynnis triclaris—785, 2171. Neonympha henshawi—1002. 
Argynnis helena—2806. Neonympha eurytris—2806. 
Argynnis freya—687. Ccenonympha ochracea—537, 567, 687, 738, 1733, 
Melita augusta—537, 787. 2148, 2198, 2214, 2227, 2565, 2684. 
Melitea anicia—i44, 337, 564, 681, 687. Ccenonympha pamphiloides—544, 2565. 
Melitza anicia, var. eurytion— 687. Erebia callias—785, 788, 791. 
Melita nubigena—2806. Erebia epipsodea—547, 687, 720, 730, 738, 788. 1704. 
Melitza acastus—567, 1002. Erebia epipsodea, var. brucei—2806. 
Melitza palla—2806. Erebia magdalena—687, 729. 
Melitza chara—2806. Hipparchia ridingsii—564, 587, 1002, 2683 
Melitzea minuta—1, 786, 1002, 2112, 2214, 2617. Hipparchia dionysus—2806. 
Melitza brucei—2806. Satyrus nephele—638. 
Phyciodes nycteis—395, 360. Satyrus nephele, var. boopis—686, 1368. 


Phyciodes drusius—360, 564. Satyrus nephele, var. ariane—638, 1002. 
Phyciodes carlota—360, 564, 659, 2096, 2468, 2465, Satyrus meadii—2g06. 


2499, Satyrus sylvestris, var. charon—638, 655, 1002. 
Phyciodes tharos—537, 559. 564, 602, 2565. Chionobas chryxus—548, 567. 
Phyciodes pratensis—388, 554, 687, 2565. Chionobas ivallda—2806. 


Phyciodes mylitta—2289. Chionobas uhleri—1002. 

Grapta satyrus —317, 785, 1531, 2096. Chionobas taygete —726. 

Grapta umbrosa—2198 Chionobas jutta—2806 

Grapta zephyrus—655, 785, 795. Chionobas semidea—2171. 
Vanessa antiopa—35, 209, 719, 1002. Chionobas brucei—726, 738, 1706. 
Vanessa calif ornica—738. Libythea bachmani—2806. 


Family LYCAENIDAE. 


Thecla eryphon—-60, 424, 467, 2096. 

Thecla niphon—2806. 

Thecla affinis—564, 2112, 2465, 2565. 

Thecla dumetorum-—360, 2078, 2112, 2465, 2565. 

Thecla sheridanii—245, 467, 1559. 2078. 

Thecla titus—637, 638, 780, 791, 1002, 2207, 2250. 

Chrysophanus virginiensis—2806. 

Chrysophanus xanthoides, var dione—599, 602. 

Chrysophanus editha—1704. 

Chrysophanus thoe—1002. 

Chrysophanus helloides—1002, 537, 684, 738, 78h. 
1704. 

Chrysophanus helloides, var. florus—687, 785. 

Chrysophanus snowi—2806. 


Lemonias virgulti—2s06. 

Lemonias nais—655, 2617. 

Thecla crysa]lus—2250. 

Thecla halesus—2806. 

Thecla melinus—1002. 2091, 2096, 2465. 
Thecla dryope—2806. 

Thecla calanus—2196. 

Thecla sepium—789. 

Thecla nelsoni—2806. 

Thecla spinetoram—2806. 

Thecla blenina—2806. 

Thecla behrii—638, 655, 786, 791. 
Thecla augustus—360, 424, 2465. 
Thecla henrici—60, 360, 1559, 2078, 2091, 2465. 
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Chrysophanus rubidus—581, 636, 684, 720, 1959. Lyceena shasta—45, 360, 1145. 
Lyczna heteronea—537, 790, 793, 1734. Lyczena melissa—51, 559, 602, 684, 691, 1002, 1174, 
Lycena lycea—337, 537, 541, 685, 1732, 1734, 2112, 2143, 2215. 

2214, 2509. 2565, 2586. Lyceena acmon—792, 2198, 2565. 
Lycena dedalus—2806, Lycena pseudargiolus, var. violacea—602. 
Lyczena lygdamas, var. oro—424, 467, 1114, 2078, Lyczena psendargiolus, var. neglecta—360, 1114, 


2091, 2465. 2091, 2112. 
Lycena sagittigera—2806. Lyczna comyntas—360, 2112, 2216, 2465. 
Lycena aquilo—735, 2171. Lyczena isola—1002. 


Lycena marina—2806. 


Family PAPILIONIDAE. 
Colias eurytheme, var. eriphyle—564, 674, 686, 


Lycena battoides—2565. 


Neophasia menapia—1002. 


Pieris beckerii—337, 548, 566, 2294. 791, 793, 1002, 1368. 

Pieris sisymbri—360, 424, 2078, 2091, 2096. Colias eurytheme, var. alba—1002, 2258. 

Pieris protodice—559, 674, 732, 738, 785, 791, 1002, Colias philodice —537, 541, 544, 674, 684, 688, 788, 
1706, 2227. 818. 


Pieris bryonizs—2684. Colias alexandra—1368, 1704, 2198. 
Pieris napi, var. oleracea-zstiva—681, 687, 735, Colias scudderii—6s7. 


738, 787, 1700. Terias nicippe—1002. 
Pieris rapze—1002, 747, 759, 1559, Hxtremely Parnassius smintheus—548, [564, 644, 687, 787, 1368 
abundant. Parnassius smintheus, var. behrii—644, 793, 1002, 
Nathalis iole—892, 1002, 2617. 2168, 2227. 


Anthocharis olympia—360. Papilio eurymedon—s44, 2112. 
Anthocharis ausonides. var. coloradensis—360, Papilio rutulus—566, 567, 2096 
424, 492, 687, 1559, 2091, 2096, 2465. Papilio daunus—1, 428, 2565. 
Anthocharis julia-- 567. Papilio troilus—1002. 
Anthocharis eubule—1002. Papilio oregonia—2806. 
Meganostema cxesonia—2806. Papilio zolicaon—1002, 2078. 
Colias meadii—687, 2171. Papilio indra—1002, 2096, 2148, 2565. 
Colias elis—785. Papilio bairdii—2806. 
Colias eurytheme—541, 738, 741,785, 818, 1002,1368. Papilio asterias—1002, 1374, 1375, 1876, 1432, 1448. 


Family HESPERIDAE. 


Pamphila vestris—564, 1002, 1209, 2565; 2617, 2684. 
Pamphila bimaculata—581. 
Amblyscirtes vialis—2465. 


Ancyloxypha numitor—2306. 
‘Thymelicus poweschiek—537, 559. 
Pamphila taxiles—581, 1002. 
Pamphila colorado—s64, 780, 1174, 2169. Amblyscirtes seenus—739, 2564. 
Pamphila nevada—687, 787. Pyrgus ericetorum—2806. 

Pamphila maniteba—537, 564, 644, 2169, 2196. Pyrgus tessellata—818, 1002, 2206, 2509. 
Pamphila juba—2196. Pyrgus cespitalis— 60. 


Pamphila napa—1217, 2298. 
Pamphila uncas—1002. 
Pamphila rhesus—2465. 
Pamphila agricola—1418. 
Pamphila snowi—2684. 
Pam phila mystic—1217. 
Pamphila cernes—541, 1217. 


Nisoniades brizo— 2112. 

Nisoniades‘icelus—60,‘ 388, 467, 544, 548, 655, 738, 
1002, 2091. 

Pholisora;catullus—360,' 1002, 2096, 2112, 2206, 2524. 

Pholisora hayhurstii—564, 684, 739. 

Endamus tityrus—556,7559, 1002, 

Megathymus ynece—537. 


Pamphila verna—2617, 


HETEROCERA. 
Family SPHINGIDAE. 


Hemaris rubens —687, 1145. 
Hemaris senta ~2806. 
Hemaris brucei—2806. 
Lepisesia guarz —1166, 1649. 
Deilephila gallii— 535, 556. 


Deilephila lineata—808, 818, 830, 1002, 2563, 2653, 


2659, 
Cheerocamps tersa—2806. 
Sphinx drupiferarnm—1002. 
Sphinx gordius—2806. 


Sphinx vancouverensis— 

Sphinx chersis—1922. 

Sphinx oreodaphne--2806 

Sphinx lugens —1002. 

Triptegon modesta—1, 740, 1402, 2508, 2558, 2604, 
2610, 2654, 2659, 2666, 2679. 

Smerinthus geminatus—535 

Smerixvthus cerisyi—565, 1002, 2565. 

Paonias myops—2806. 
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Family SESIIDAE. 


Albuna montana—687, 785, 
Sannina exitiosa—693. 


Sesia tipuliformis—85, 1002, 1220 
Pyrrhotznia coloradensis—1002. 


Family THYRIDAE. 


Thyris montana—602. 


Family AGARISTIDAE. 


Alypia octomaculata—86, 351, 555, 1002. 


Alypia ridingsii—687, 1700. 


Family SYNTOMIDAE. 


Anatolmis grotei—1002, 1804, 2248. 


Lycomorpha miniata—2207. 


Family PYROMORPHIDAE. 


Harrisina coracina—401, 1165, 1659, 2123. 


Family CTENUCHIDAE. 


Scepsis fulvicollis—778, 1002, 1440, 2221. 2610, 2679, 


2719, 2721, 2722, 2730, 2737, 2748, 2748, 2750. 


Ctenucha venosa—1002. 


Family PERICOPIDAE. 


Gnophela vermiculata—785, 790, 2179. 


Family LITHOSIIDAE. 


Lithosia bicolor—685, 790, 2570, 2654, 2659. 2666. 


Family ARCTIIDAE. 


- Crocota rubicundaria—112, 564, 655, 2165, 2610, 


2620, 2654. 
Crocota brevicornis—627. 
Emydia ampla—2806. 
Callimorpha lecontei—2806. 
Epicallia virginalis—652. 
Euprepia caja—791. 
Arctia intermedia—1002. 
Arctia rectilenia—2652, 2662. 
Arctia elongata— 
Arctia blakei—2737. 
Arctia flavorita—2806. 
Aictia dahurica— 
Arctia ne vadensis—2806 
Arctia incorrupta—1002, 2743— 
Arctia bolanaeri—2225, 2693. 
Arctia docta—705. 
Arctia ochracea—2806, 
Arctia genenra—302. 
Arctia arizonensis—2806. 
Arctia determinata—2s806. 
Arctia speciosa—2685, 2750 
Arctia pallida—2806 
Arctia virguncula—1704. : 
Leptarctia calif ornize—280, 360, 1606, 2091, 2465. 


Nemeophila petrosa—687, 2168, 2227, 2755 

Pyrrharctia isabella —535, 536. 

Phragmatobia rubricosa—s3ad, 2552, 2654, 2670, 2685- 

Antarctia brucri—2204. 

Leucarctia acrzeea—334, 371, 428, 436. 523, 5385, 562, 
807, 1002, 2462, 2573. 2663. 

Spilisoma virginica—431, 474, 535, 536, 565, 2110, 
2404, 2550. 

Ayphantria cunea—5h6, 672, 1575, 1576, 1577. 

Encheetes spraguei—689. 

Euchetes egle—690. 

Euchetes oregonensis—602, 2610. 2625 

Arachnis picta—420. 

Arachnis citra—2806. 

Ecpantheria permaculata—494, 567, 1714, 2610. 

Halisidota tessellata—636, 565, 689, 2604, 2610, 2537, 
2647, 2691, 2738. 

Halisidota maculata—254, 528, 2621, 2676. 

Halisidota labecula—2806. 

Halisidota argentata—2806. 

Halisidota subalpina—2806. 

Halisidota ambigua- 2806. 

Halisidota occidentalis—2806. 

Halisidota trigona—2806. 


Family NOTODONTIDAE. 


Ichthyura inclusa—334, 2171, 2464, 2471. 
Ichthyura inornata—2806, 

Ichthyura albosigma, var. specifica—2621, 2662. 
Ichthyura brucei—2806. 

Datana perspicua—1226. 

Hyparpax venus—2806. 

Hyparpax aurostriata—2806. 

Gluphisia trilineata--535, 


Gluphisia ridenda—82, 428. 

Lophopteryx notaria—536, 1002, 2118, 2573. 
Notodonta stragula—2614, 2625. 

Odemasia perangulata—2806. 

Cerura albicoma—34, 2101. 

Cerura cinerea—535, 1002, 1900, 2567, 2570, 2573, 2578, 
Cerura candida—2806. 
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SECTION. 


Family SATURNIIDAE. 


Attacus co unmbia—2423. 
Attacus gloveri—1002. 
Telea polyphemus —1002. 


Saturnia galbina—2806. 


Hyperchiria io—107, 


Coloradia pandora—2693. 


Family BOMBYCIDAE. 


Pseudchazis eglanterina—1002. 

Hemileuca maia—1002. 

Clisiocampa fragilis—i12, 115, 118. 125, 623, 693, 
739, 898, 1002, 1715, 2178, 2657, 2685. 


Clisiocampa thoracica—739. 
Gastropacha mildei—690. 
Gloveria arizonensis—1002. 


Family COSSIDAE. 


Hypopta bertholdi—2s806, 
Hypopta henrici—2s806. 


Cossus brucei—2806. 
Prionoxystus robinize—2567, 2604, 2621, 2662. 


Family THYATIRIDAE. 


Pseudothyatira cy matophoroides—673, 683, 690. 


Family NOCTUIDAE. 


Panthea gigantea—2806. 

Panthea palata—2806. 

Raphia coloradensis— 535, 629. 

Raphia frater—2614. 

Charadra deridens—2806. 

Merolonche spinea—2806. 

Acronycta furcifera—2048 

Acronycta felina—2806. 

Acronycta lepusculina—431, 488, 535, 565. 

Acronycta americana—101, 438, 671, 683. 

Acronycta dactylina-—539, 690, 1002, 2578. 

Acronycta luteicoma—523. 

Acronycta brumosa— 334. 

Acronycta sperata—535. 

Acronycta barnesii——2806. 

Acronycta parallela—1127, 2526, 

Cerma olivacea—2693. 

Rhynchagrotis vittifrons—2806. 

Rhynchagrotis mirabilis -1743. 

Rhynchagrotis minimalis—2737. 

Rhynchagrotis placida—1261, 2164, 2235, 2748, 2750, 
2751, 2758, 2748, 2708. 

Pachnobia littoralis—2168, 2198, 2224. 

Agrotis aurulenta—2806. 

Agrotis ypsilon—671, 682, 683, 809, 1453, 1494, 2235, 
2610, 2513, 2614, 2635, 2637, 2661. 

Agrotis geniculata—2806. 

Peridroma saucia—170, 300. 320, 323, 1454, 1464, 
1492, 2164. 

Pronoctua typica—1743, 2693. 

Noctua baja—250, 323, 672. 

Noctua rosaria—2158, 2169, 2191, 2198, 2200, 2224. 

Noctua patefacta—2164. 

Noctua sierrze—2144, 2169, 2191, 2224, 2661. 

Noctua nigrum—565, 2169. 

Noctua oblata—2168. 

Noctua haruspica—688. 

Noctua claudestina—%6, 496, 555, 563, 2115. 

Noctua havilze—107, 555, 1216, 2168, 2224, 2684. 

Noctua piscipellis--1377, 1748, 2685. 

Noctua vocalis—2693, 2806. 

Noctua atricincta—2552. 

Chorizagrotis auxilaris--352, 355, 1002, 1120, 1126, 
1142, 2107, 2110, 2682. 


Chorizagrotis introferens—352, 563, 1120, 1126, 
1142, 1183, 2171, 2610, 2689. . 

Chorizagrotis agrestis—53, 96, 108, 319, 323, 355, ~ 
435, 437, 1120, 1142, 1183, 1453, 2420, 2610, 2682, 
2696, 2759, 2765. 

Rhizagrotis albicosta--2252, 2647, 2659, 2662, 2663, 
2670, 2676, 2679. 

Rhizagrotis apicalis—2693. 

Rhizagrotis lagena—538, 

Feltia subgothica—225, 413, 1440, 1442, 2298, 2610, 
2663, 2670, 2676, 2666. 2685, 2696. 

Feltia venerabilis--435, 523, 536, 2487, 2527, 2480, 
2751, 2759, 2763. 

Porosagrotis murzenula—2135. 

Porosagrotis catenula—1451, 1455, 1748, 2737, 2748, 
2751, 2759. 

Porosagrotis vetusta—2693, 2753, 2758, 2759, 2763. 

Porosagrotis mimallonis—-1748, 2693. 

Porosagrotis rileyana--1973. 

Porosagrotis orthogonia—120, 2337, 2763, 2336, 
2758, 

Porosagrotis pluralis—2610, 

Porosagrotis deedalus—2526, 2806. 

Carneades quadridentata—810, 891, 1419, 1453, 
2748, 2753. 

Carneades niveilinea—683, 688, 759, 1453. 2758. 

Carneades oblongostigma-—— 

Carneades ridingsiana—1744, 2748, 2164. 

Carneades flaviclens—1002, 1452, 1457, 2332, 2333, 
2738, 2737, 2743, 2748, 2751, 2752. 

Carneades flavicollis—681, 2610, 2612. 

Carneades brocha—1743. 

Carneades hollemani—1514. 

Carneades misturata—1743. 

Carneades mcerens-—-1743. 

Carneades p'euritica--120, 2610, 2693. 

Carneades rufula—2168, 2191, 2198, 2224, 2272. 

Carneades friabilis—613. 

Jarneades detesta—1419. 

Carneades cxnis—-1466, 2758. 

Carneades medialis—891, 1494. 

Carneades messoria—393, 809. 811, 1857, 1862, 1440, 
1454, 1466, 1748, 2295, 2348, 2733, 2734, 2737. 

Carneades lutulenta—1743. 

Carneades leetificans—2698. 2333. 


/ 
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Family NOCTUIDAE. ---(Continued.) 


Carneades prdalis—2806. Ulolonche fasciata—493, 495. 
Carneades infansta—2272. Hadena niveivenosa—2691, 2699. 
Carneades munis—-2806. Hadena fractilinea—2715. 
Carneades basiflava—2806. Hadena longula—1743, 2693. 


Carneades insignata--1453, 1456, 1743, 2178, 2272, Hadena passer—2105, 2621. 
2348, 2610, 2722, 2750, 2787, 2743, 2748, 2751, 2759, Hadena illata—103. 
2763. Hadena lateritia—535, 2164, 2682. 
Carneades lewisii—2806. Hadena apamiformis— 2806. 
Carneades tessellata—381, 681. 633, 670, 689, 1655, Hadena exornata—2274. 
1657, 1673, 2347, 2348, 2485, 2621, 2651, 2652, 26834. Hadena morna—790. 
Carneades albipennis--800, 811, 1452, 1743, 2198, Hadena alticola-—2689. 
2737, 2748, 2748, 2752, 2788. Hadena devastatrix—673, 682, 800, 2164, 2168, 
Carneades pallipennis—451, 1437, 1440, 2332, 2610, Hadena arctia—1002, 2164. 
2613, 2614, 2637, 2659, 2663, 2664, 2737, 2748, 2748, Hadena occidens—2806. 


2750, 2751, 2752, 2758, 2763. Hadena lignicolor—6738, 681, 685, 717, 2621, 2654, 
Carneades fusimacula—2586. 2666. 
Carneades basalis—2235, 2298, 2613, 2614, 2621, 2625. Hadena inordinata—2806. 
Carneades furtivus—2621. Hadena semilunata—535, 1180, 2133. 
Carneades servitus—2272. Hadena evelima—1467. 
Carneades obeliscoides—1743, 2235, 2651, 2748. Hadena violacea—2806. 
Carneades conjuncta—2737, 2748, 2759. Hadena modica—800. 
Carneades divergens—2168, 2169, 2198, 2224, 2235, Hadena mactata—2164. 

2689. Hadena chryselectra—2693. 
Carneades brunneigera— 2693. Hadena hulstii—2164. 
Carneades redimicula—1705, 2272, 2693. Hadena plutonia—2164, 2178. 
Carneadea tesselloides—1487. Hadena binotata—2298, 2693. 
Carneadea silens—2134, 2272, 2€10. J{illia senescens—28(6. 
Richia aratrix—1743. Pseudanarta flavidens--2806. 
Richia parentalis—1002. Pseudanarta flava—2806. 
Richia decipiens —2693. Pseudanarta singula--2806. 
Agrotiphila colorado— 1002. Oligia festivoides--564. 
Admetovis oxymorus—2806. Perigea pulverulenta—1454, 2806. 
Mamestra umbrifera—688, 690, 2178, 2614. Adita chionanthi—2806. 
Mamestra juncimacula—2693. Homohadena figurata—2570. 
Mamestra Instralis—2806. Oncocnemis hayesi—-2295. 
Mamestra discalis—2164. Oncocnemis dayi—2271. 2272, 2806. 
Mamestra determinata—7 14, 2750. Oncocnemis fasciatus—2806. 
Mamestra fusculenta—2471, 2476. Oncocnemis umbrifascia—690. 
Mamestra farnhami—535. Oncocnemis levis--1743. 
Mamestra liquida—2806. Oncocnemis augustus—1441, 1465, 1806, 1891, 2753. 
Mamestra atlantica —1126. Oncocnemis mirificalis--2295. 
Mamestra candida—1743, 2295. Oncocnemis iricolor—2806. 
Mamestra subjuncta—671, 683, 689, 718, 2610. Oncocnemis ex tremis—2806. 
Mamestra grandis—1118. Oncocnemis occata—523, 2753, 2963. 
Mamestra invalida—2806. Oncocnemis chandleri—2693. 


Mamestra trifolii--431, 523, 569, 1705, 1714, 1803, Oncocnemis colorado—2806. 
2103, 2106, 2109, 2110, 2171, 2178, 2198, 2235, 2298. Oncocnemis cibalis—1973. 


2610, 2689, 2710, 2730, 2734, 2731. Lathosea pullata— 2806. 
Mamestra oregonica—6388. Polia z2don—2806. 
Mamestra rosea—509, 555, 565. Polia theodori—2806, 2693. 
Mamestra congermana—2552, 2610, 2651, 2654, 2663, Laphyema frugiperda—1452, 1454. 
Mamestra picta —523, 535. 808, 1574, 2550, 2689. Laphygma flavimaculata--2298. 


Mamestra noverca—1126. Dargida (Hupsephopectes) procinctus— 
Mamestra renigera-—125, 556, 628, 655, 688, 12836, Nephelodes violans—2693. 

2633, 2648, 2719. Helotropha reniformis—2806. 
Mamestra olivacea—2131, 2164, 2178, 2709. Hydroscia nictitans—683, 2552, 2621, 2663, 2679 


Mamestra lorea—601, 2133, 2164. 2689. 
Mamestra vicina—131, 639, 672, 2128, 2150, 2285. Hydrcecia limpida—671, 673 
2576, 2578, 2610, 2614, 2693. Hydreecia cerussara—2806 


Scotogramma phoca—787. Bellura (Arzama) i 523 
obliquata—2523, + p 
Ulolonche orbiculata—538. Leucania Sieh Say yes 


Ulolonche disticha—1889, 2215. Leucania alblilinea— 488, 523, 2178, 2610. 
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Leucania phragmatidicola—685. 

Leucania commoides—107, 2178. 

Leucania unipuncta—1437. 2610, 2613, 

Ufeus plicatus—320, 334, 741, 1495, 1743, 2612 2622, 
2642, 2643, 2645. 

Ufeus unicolor—34, 2806. 

Ufeus satyricus—26412. 

Catabena (Adipsophanes) miscellus—111, 2110, 
2126, 2147. 

Crambod es talidiformis—536, 2471, 

Caradrina civica—1743. 

Caradrina extimia-—-523, } 

Prophila glabella—1362, 

Himeila thecata—527. 

Himella contrahens—2603. 

Orthodes crenulata (infirma)—€82. 

Orthodes cynica—s0. 

Teeniocampa curtica—1729, 1743, 
2637, 2699, 2730. 

Teeniocampa incincta--811. 

Teeniocampa pacifica—3l, 334, 1078. 

Tzniocampa alia—320, 323, 325, 371. 

Tzeniocampa oviduca—1642, 2110, 2200, 
2727. 

Stretchia plusiiformis—301, 2610, 2613. 

Stretchia variabilis—334. 

Cosmia paleacea—2164. 

Perigonica fulminans—2806. 

Ipimorpha pleonectusa—326, 690, 756, 805. 

Pyrrhia umbra — 

Orthosia helva—2200. 

Orthosia euroa—2693. 

Scoliopteryx libatrix—555, 1002, 2128, 2695. 

Litholomia napzwa—334. 

Xylina ferrealis—355. 

Xylina bethunea—288, 360, 1464. 

Xylina fagina—320, 323, 350. 

Xylina georgii—1495, 

Xylina carbonaria—33+. 

X; lomiges simplex (crucialis)—270. 

Pieroma obliquata—2806. 

Calocampa nupera—1464. 

Calocampa cineritia—334, 350. 

Cleophana antipoda—6s89. 

Cucullia similaris—2806. 

Cucullia asteroides —690, 1215, 2235, 

Cuculla dorsalis—103. 

Cucullia intermedia—539. 

Cucullia cinderella—334. 

Abrostola uretis—2653. 

Deva palligera—2666. 

Plusia z2reoides—2621, 2676. 

Plusia putnami—2806. 

Plusia mappa— 2806. 

Plusia biloba—2582. 

Plusia californica—638, 1002, 2118, 2168. 

Plusia brassica2—569, 690, B05 776, 1002, 1716, 1726, 
2610, 2637, 2763. 

Plusia angulidens—2806. 

Plhusia epigzea—2806. 

Plusia ampla—2806. 


2568,2567, 275 


32, 1633, 1634. 


2147, 2151, 2163, 


2610, 2700, 


2614. 


2486. 


Plusia simplex—685, 690, 2550, 2578, 2610, 2613,2756. 


Plusia parilis—688. 
Plusia snowii—2806. 


Plusia russea—s71, 2552, 2659. 

Caloplusia hochenwarthi—2806. 

Caloplusia divergens—2806. 

Basilodes chrysopis—1714, 2235, 2298. 

Stiria rugifrons—690, 2178, 2610, 2651, 2654, 2670, 
2674. 

Stibadium spumosum—689, 1714, 2200, 2699. 

Pljagiomimicus pitychromus—2203, 2652, 2670. 

Plagiomimicus expallidus—2203. 


52. Fala ptycophora—1714. 


Acopa carina—1002, 1442. 
Oxyenemis perfundis—565. 


526, 163 
2 2203, ihe 2748, 2752, 2758. Nycteropheata lona—556, 565. 


Copablepharon album-—2806. 

Copablepharon absidum—835, 336, 2235, 2298. 

Thyreion rosea—556_ 565. 

Heliothis paradoxus—2048, 2077, 2118, 2178, 2235, 
2298, 2614, 2670. 

Heliothis armiger—807, 1806, 2252, 2298, 2763, 2764. 

Heliothis dipsaceus—1002, 2091, 2203, 2219, 2235, 
2252, 2298, 2708, 2709. 

Heliothis scutosus—103, 530, 2153. 

Heliothis suavis—623, 2168, 2471, 2526, 2573, 2696, 
2708. 

Heliothis phlogophagus—488, 505, 807, 1247, 1493, 
2168, 2178, 2235. 

Alaria gauree—1906, 2203, 2652, 2615, 2663. 

Alaria citronellus—689. 

Rhododipsa volupia—2806. 

Pseudacontia crustaria—2693. 

Schinia cumatilis—1002, 2226, 2252, 2298, 2676, 2685, 
2708, 2713, 2731, 2733, 2750, 2751, 2765. 

Schinia trifascia—2252, 

Schinia simplex—565. 

Schinia acutilinea—2806. 

Schinia brucei—2699. 

Schinia separata—2252, 2806. 

Schinia albafascia—2663, 2679, 2719, 
273% 

Schinia jaguarina —107, 112, 115, 565, 685, 1002, 1236, 
2162, 2252, 2610, 2689, 2709, 2722. 

Schinia nobilis—2806. 

Dasyspoudwa meadii—536, 555, 565, 2576, 2604, 2610. 

Melaporphyria ononis—687, 2171. 

Melicleptria graefiana— 687, 2171. 

Melicleptria pulchripennis—2806. 

Melicleptria sueta—1li14, 1733. 

Heliolonche modicella—2806. 

Heliaca nexilis—2565. 

Anarta cordigera—2806. 

Anarta quadrilunata—78). 

Anarta melanopa—112, 334. 

Anarta schoenherri—2806. 

Acontia candefacta—602, 2096, 2143, 2151, 2526, 2573, 
2634, 2654. 

Acontia augustipennis—103, 112, 384. 

Finva obsoleta—360. 

Xanthoptera semiflava—1732. 

Lithacodia bellicula—692, 2610. 

Erastria carneola—56, 107, 555, 559, 721, 

Galgula partita (subpartita)—2048, 2077. 

Drasteria erechta—334, 1733, 2227, 2252, 2610, 2734, 
2737. 

Euclidia cuspidea—566, 


2722, 2730, 
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Family NOCTUIDAE. .---(Continued.) 


Synedoida inepta—1559. 
Synedoida scrupulosa—1514. 
Synedoida insperata—2806. 
Syneda athabasca—1732, 2214. 
Syneda adumbrata—541, 1531, 2565. 
Syneda howlandii—523, 565, 2128, 2693. 
Syneda perplexa—2806. 

Syneda tejonica—2692. 
Cirrhobolina deducta—1514. 
Cirrhobolina mexicana—2693. 
Catocala verrillana—2806. 
Catocala relicta—2806. 

Catocala pura—2666, 2700. 
Catocala ultronia—800. 

Catocala nebraskee —2806. 
Catocala californica—2730, 2734. 


Catocala arizone—718. 

Catocala aspasia—2806. 

Catocala subnata—2090. 

Toxocampa victoria—2806. 

Phurys bistrigata—334. 

Erebus odora—1311 1312, 1348. 

Renugia latipes— 2738. 

Thysania zenobia—2806 . 

Homoptera calycanthata—2693. 

Pheocyma lunifera—32, 103, 125. 
Pseudaglossa lubricalis—-119, 628, 12386, 26931. 
Epizeuxis emula—1348, 1440. 

Philometra gaosalis (longilabris)—1730. 
Philometra eumelusalis—602. 

Bleptina caradrinalis—628. 

Hypena hamuli—282, 298, 334, 807, 1595, 2475 


Family GEOMETRIDAE. 


Tetracis grotearia—337. 

Tetracis coloradia—730, 786, 1677. 

Tetracis lorata--2686. 

Metanema inatomaria—1002, 1181. 

Ennomos magnarius—892, 2338, 2663, 2709, 2719, 
2722, 27381, 2734, 2743. 

Azelina hubnerata—428, 2693, 2694. 

Endropia madusaria—653, 1732. 

Endropia duaria—-369. 

Opistograptis baltearia—638. 

Angerona crocataria—665, 134, 654, 689, 2694. 

Synchlora excurvaria—103, 111,536, 588, 2147, 2289 

Acidalia hepaticaria--1531. 

Acidalia perirrorata—807. 

Acidalia luteolata—687. 

Acidalia ancellata—568, 623, 689, 1174, 2110, 2112, 
2148, 2216. 

Acidalia quinquilinearia—602, 1733, 2112. 

Deilinia variolaria—2048 

Corycia vestaliata—i174, 2112. 

Eumacaria brunnearia—-1174. 

Semiothisa delectata—371, 488, 689, 690, 807, 1714. 

Semiothisa respersata—307, 689, 2048. 

Semiothisa californiata—523, 685, 689. 

Phasiane meadiata—565, 690, 2135, 2178, 2573, 2586, 
2610. 

Phasiane mellistrigata—488, 2235 

Phasiane irrorata--1236. 


» 2202. 


Marmopteryx marmorata--1732, 1733, 2683, 2765.- 

Thamnenoma quadrilinearia--2765. 

Thamnonoma quadraria--100, 785, 2138. 

Thamnonoma wauaria—646. 

Thamnonoma subcessaria—2048 . 

Thamnonoma sulphuraria—638, 1654. 1738, 2676, 
2719, 2738. 2737, 2752. 

Thamnonoma brunnearia—787. 

Thamnonoma flavicaria—654. 

Eufitchia ribearia—176. 

Selidosema juturnaria—655. 


. Caripeta gertrnda—2806. 


Fidonia fimetaria—1114, 2097, 2096, 2112, 2693... 
Hematopis grataria—h6, 530, 635, 2147- 
Caterva catenaria—832. 

Euaspilates spinitaria--2604, 2666 

Gorytodes uncanaria—2110, 2112. 

Biston ursarius—360. 

Eubyia quernaria—1002, 2693. 

Anisopteryx pometaria—218, 256. 

Oporagena coloradensis—218, 1528. 
Phibalapteryx‘intestinata—307, 2143. 
Petrophora destinata—2143. 

Petrophora montanata—2198, 2224. 
Petrophora diversilineata—133, 1714. 
Rheumaptera ruficillata—2806. 

Hydriomane lustrata—269, 1114, 1531, 1559, 2078. 


Family PYRAUSTIDAE. 


Margaronia quadristigmalis—690, 2298. 

Nomophila noctuella—119,$1225, 2178. 

Metra ostreonalis—1744, 2178. 2200, 2610. 

Pyrausta signatalis--112. 

Pyrausta plumbosignalis—790, 1733, 2168, 2198, 
2227. 

Pyrausta uvifacialis—687, 689, 1710, 2694. 


Pyrausta fodinalis—986, 1709, 1710, 2143, 2196, 2216. 


Loxostege sticticalis—555, 2147, 2178, 2471, 2480, 
2487, 2666. 


Loxostege lepidalis—54, 523, 2147, 2150 

Loxostege cerealis--588, 1115, 1351, 1440, 1559, 2110. 
2138, 2147, 2471, 2480, 2603. 

Prorasea simalis—488, 523, 530, 536, 2178, 2692, 2708 
2781. 

Titanio thalialis—56, 82, 112, 510, 516, 528, 530, 534 
535. 

Scoparia centuriella—687. 

Evergestis simulatilis—334, 431. 

Chalcoela durifera—79, 82. 


Loxostege obliteralis--2110, 2133, 2143, 2165, 2610. Schcenobius tripunctellus—125, 807. 


Loxostege coloradensis—488, 536, 439, 565, 612, 
654, 1225, 2208, 2235, 2603, 2604, 2610. 


ENTOMOLOGICAL SECTION. f1 


Family PYRALIDIDAE. 


Ugra griphalis—723, 1236, 2203. Stericta breviornatalis—120, 588. 
Pyralis farinalis—91, 532. 


Family PHYCITIDAE. 


Salebria delassalis—53. Heteroghraphis albiella—689. 

Laodamia fusca—807, 1531, 1559, 2171, 2298. Honora oblitella--565, 1236, 2126, 2135, 2178. 
Pyla scintillans—i787. Honora undulatella—s44, 690, 2128, 2133. 

Pima albiplagiatella—79, 539. Jiomceosoma impressale —107, 2127. 

Etiella zinckenella—488, 523, 536, 539, 565. Homceosoma electellum— 35, 103, 112, 2143, 2178. 


Melitara dentata—74, 79, 2743. 2748, 2756, 2759. Plodia interpanctella—-828, 1449. 
Euzophera agleella—21, 269, 1531, 2078. Peoria hematica—690, 

Sarata perfuscalis —535, 556. Petaluma illibella—523, 654. 
Heteroghraphis morrisonella—431, 2178. 


Family CRAMBIDAE. 


Euchrominus texanus—565, 689. Crambus interminellus—2127. 

Crambus prefectellus—1002. Crambus caliginosellus —126, 235, 628, 2135. 
Crambus luteolellus—2135, 2148. Crambus mutabilis—107, 565, 623, 807, 2154. 
Crambus laqueatellus——2298 . Thaumatopsis repandus—635, 883, 892, 1236. 1463, 
Crambus innotatellus—689. 2200. 

Crambus anceps—687, 689, 790. Thaumatopsis pexellus—690, 1714. 

Crambus teterrellus—8s07, 2198, 2221, 2227. Thaumatopsis longipalpus—2048. 


Crambus vulgivagellus—2198, 2298. 


Family PTEROPHORIDAE. 


Platyptilia carduidactyla—537, 1710, 2198, 2224. Oxyptilus periscelidactylus—2216. 
Alucita monodactyla: -685. Pterophorue lobidactylus--1973. 


Family TORTRICIDAE. 


Caccecia rosaceana—120, 602. Tortrix peritana—811. 

Caccecia zapulata—655. Sciaphila osseana—2198, 2214. 
Caccecia argyrospila—716, 1258, 1906. (nectra cistincta—590, 672, 811. 
Caccecia semiferana—123, 150, 1906. Cenopis testulana—1907, 1908. 


Family CONCHYLIDAE. 
Idiographis egrana—2168, 2224. 
Family GRAPHOLITHIDAE. 


Sericoris nubilana—103. Peedisca morrisoni—2135. 

Sericoris puncticostana— Peedisca albiguttana—2298. 

Peedisea circulana—599, 635, 2133, 2143, Semasia striatana—2143. 

Pedisca robinsonana—360. Semasia taleana—2126. 

Pedisca monogrammana—523, 2135. Semasia ochreicostana—348. 

Peedisca caniceps—628. Phoxopteris spirveifoliana-—2143. 
Peedisca agricolana—2133, 2148. Phoxopteris spoliana—2091. 

Peedisca cataclystina—602. Carpocapsa pomonella—151, 311, 2252. 


Peedisca matutina—565; 623, 628, 635. 


Family CHOREUTIDAE. 


Choreutis onustana—785, 1117, 1531, 1557. Acrolophus p)]umifrontellus—602. 
Choreutis diana—45, 60, 1531, 1559, 1606, 2078, 2091. 


Family TINEIDAE. 


Tinea biselliella—2071, 2205. 
Family PRODOXIDAE. 


Pronuba yuccasella—1231, 1219. Porodoxus decipiens—537. 


10 COLORADO EXPERIMENT STATION. 


Family PLUTELLIDAE. 
Plutella cruciferarum—45, 628. 
Family GELECHIIDAE. 


Psecadia discostrigella—785, 1531, 1117, 1537. 
Depressaria nebulosa—29, 193, 623. 
Depressaria posticella—690. - 


Depressaria umbraticostella —29. 
Amydra effrenatella—29. 


NOTES ON LEPIDOPTERA FROM THE 
SIONS CATALOGUE. 


ACCES- 


Cat. Dates of 
Nos. Captures Collectors. Localities. Remarks. 
Vitam cs April! 20 ye. GC; P..G.*.... Kort Collins... .-...- Pupe under stones. 
OO ee SRA RUN aoe cc a Cre P Giassene Hort Collinge... 4c General collecting. 
See A DULL eee OrL E.G. see One COLL naar erin Taken at light. 
By tess April 30... 2. Ce Ph Gy pees Fort Collins........ Taken in office. 
OD eae April 29...... (Onl EKO eae Kort Collims see. nc. General collecting. 
Ye ante May Bence Orpen Giaacteee Spring Canonf...... General collecting. 
INE cae SIU IL Lioe aeeel Ohees ede C eee Spring Canon....... General collecting. 
Drees May ilies ec. CreBs Gees Fort, Collins.:...... General collecting 
DO aanes UU RAPA eee Or, See 6 Ryn FortyGolliingecwus.2ct5 General collecting. 
DA caster ee INMisiyadomesredes Cr lbra Gren eter Fort Collins........ General collecting. 
DO ema VLaygae aac er On ea Ges ue Fort Collins........ Taken at light. 
GO Beene: May.29......n00- Demo Guns 2-280 Rist Canont........In the foothills. 
TN ae  ORUDOEN Inns 44 cokOind Wee mye anes Fort Collins........ Taken at light. 
Horatio nO nl Okan. Tecan. =. 28 Fort Collins........ Taken at light. 
SO eNO Osea. (Che AEE tener Fort Collins........ About willows. pairing. 
So hate June il CaeP Gis Port Collims?.....0¢ Taken at light. 
isa caer June J4...... CRG te Fort Collins........ Flying about currant bushes. 
BO cea June) 15.02... CeP Ge. Fort Collins........ General collecting. 
OV ante Janet] «2... Ce PwGs ers Fort Collins........ Taken at light. 
Ce on DUPO Vales coe Go. 3:8... HortiCollingsserers Taken at light. 
TOOmesare June 22...... Gai ee Fort Collins........ About currant and gooseberry bushes. 
LOD eects June 23...... Gl BRS ieee Fort Collins........ General collecting. 
i bieconies June 22... .. Cie Gisons.s Hort Collins?s Je... At light in laboratory. 
LO fiteremeter Jume 23. 4.-0: Geikiiw a5. Fort Collins........ At light in laboratory. 
tie June 24...... Oe Hei Ss2 ort, Collins: asses At light in laboratory. 
112 June 25,..... Gack Bea Fort Collins........ At light in laboratory. 
1 ISR Fare June 27....- CapPe i Gage th Kort) Collins, .... At light in laboratory. 
ibe anes June 20... .. C. PE Geet Fort, Collins:..252. Larve from apple tree, May 19. 
119 June 29...... GE eae sorts Collings’ ..ccee- At light in laboratory. 
VANE ones June 30...... Gab sB ies. Hort. @ollains’).s:,..5- At light in laboratory. 
AB sce OraliyGe see Gre Ee B iets 3 Fort Collins... ....... Larve from box elder, June 19. 
2D reese wl he Paces Eee oer ots Fort Collins......../ At light in laboratory. 
WAN 63c.00 Showy ho aesce CPE Giz sth Fort Collins........ At light in laboratory. 
TST eaae CC livan Ss See Dees Cee OLUPG Ollins a eee 
BEY Sills APA conse Co RG tan ar Fort Coliins........ 
188 Sate July 14...... TE gener Fort Collins ....... From larve found on currant, in June. 
Oe seaaue WU volley (Coeglalh8} seas Hort 'Colling.......: At light. 
15 Aug. 29 Grvbliniune eon OrEr Collings. -. . From apples in orchard. 
LiOMRe es OCHS 15 weno Or Pa Ges ope. Hort Collims..s. ee Taken at light. 
19S aoe Mears 1s ser Cyl Bri|tee Hors (Comings ose eek Flying about lamp. 
200 Meee: Mar. 24 aR ME Say Ge Fort Collins 


Nee From larve under stones, March 24. 


*C. P. Gillette. 
+ In the foothills, seven to eight miles southwest of Fort Collins. 


t In the foothills, eight to twelve miles northwest of Fort Collins. 
§ G. H. Buffum. 


|| C. F. Baker. 


Cat. Dates of 


ENTOMOLOGICAL SECTION. 13 


Nos. Captures. Collectors. Localities. Remarks. 

228 23. Mari Nig AOE PsiGt wk Fort Collins........ Larve under boards and stones. 

78 een Mar ndlics. 2. Cay PaGioris Fort Collins.. .....In greenhouse. 

ene. ccsA pre Soo ONPYG es ks Rist Canon......... Under stones. 

Bitte <5 acd DE UMA Aces ots\C re eee Gade ck te Spring Canon...... From pup. 

BOG scone Aprilidscek: (Oho gt eoet es eee Spring Canon...... At sugar. 

Aas... ADEE TGS. <<. Cab Gs cae Spring Canon...... About light. 

Bootes ARIUIG6 60. OF PGs. . on Rist) Canons. 2: 2.2. Taken flying. 

Po ead ApriblMec.. CoEB Port Colling, J20. 0. About light. 

2.) ApErisee see MPNGA Ge. Ror Gollins. fc. .4: From pup under stones, April 9. 

por ae April 183; ..~< Go PaG@s.218 Fort Collins. 2.4.0.5 On outside of window. 

Bose. ss. 2 Aprib ge. ... GC. Re Bia Fort Collins Taken on window. 

Ae wawc MUpELt $9.0... CaP Grate Fort Collins On wing. 

DOW <. Apribad..... GO. P2 Ga & Fort Collins........ At sugar. 

OOLES.. a April 25... =.. Cro PeGets Fort Collins....°..../ About light. 

SOMeeSu. ct Aprii-25-..:..C@PrGe. Fort Collins........From jarve taken under stone, April 8. 

319 April 28:..... CePe Gras Fort Collins At light. 

3h Rene: April 28......C. F. B..::..Fort, Collins At sugar. 

oe tices April.29).....<. Geek eB a2.) Fort Collins........ At sugar. 

Bede as «- ADTE SOc .... Cp SUG >)... .sHortiCollans..0/<2 From cocoons. 

Buon sd ONDEE OO oe CVE. Ge we Fort ‘Collins........ Larve from cottonwood, June 29. 

soem 5. April $0...... Oy) eG cma. WOME Sch inc ee About. light. 

Sy eee April 26). 5.2005 Bh Besa. Denver..............Larve taken under boards. 

ee vi Mig. a8 (OW ol Saree at B10) (2) ae Sean ‘Laken on box elder. 

Se CATE Obs eG Be Bee Denver. en. eos case At sugar. 

Moleees eA PET Osa 2. +. CAM Ede neel os Denveres wasn. Seve: From larve on Virginia creeper, July. 

352 SME (2 tee ence COmal Bow ae DONIVOE tos cs see At light. 

355 os TS ie SESE (or ideo maar Denver, .<.con..< ee Msu gar. 

30 aa TES Tl naar Co Pa'Gicwee Larimer County....General collecting. 

SOG os VIO. ce exes Chay Baiess Fort Collins........Larve taken in winter. 

3) eee Wao eck Clie Bite i Denvernsectt 250 ab52% About light. 

04 Eee May 12 wi Or wee ier, Fort Collins........ About light. 

BEBE ie cen Mayilto5—— O. PaGsncoee Trinidad............ Under stones. 

Bsa. oMagde......: Coe Bint Hort) Collings: .0%.... General collecting in foothills. 

1) re Maysl? i... C; PaGaer: Fort Collins.......: From larve on four-o’clock, Aug. 14 

WIA) amcor May S)..6. OP alr ae Hort Collins: a... From alfalfa. 

£0 ee May Oo ..2 2s CaP Geist, Fort:Collingsm.:.. 3% From laive under boards, April 12. 

i ee May 212. Che Bi ee Horsetooth Gulcht.General collecting. 

BO Bin oes. Mia 232.2207 biG eee Horsetooth Gulch..General collecting. 

(3) eer Mayle occad Ga? aG raven GtiGWho:. Shou cater sired At light. 

Yee May 7 iC Bes Gera Fort Collins... ...... From pup under boards, March 3. 

AS Aeon <2s:n Mil. cer ersj= i=: C..PsGat abort Collings. s.. <6 From larve under boards, March 26. 

435 ..May 14 GAB Ge MO SIMON 9 byaa/eatenwe At light. 

4865. 5012 Weayalt: 2212 CAR aGaes Hert Collins .....,|-. Larve from Virginia creeper, July 23. 

EBV sae May 04524. OM Pt Gira Denver..............From larve under hoards. March 26. 

ATS May20 os: o. Or WP. Geena MennOrasasscnant be: From pape dug from ground. 

ABIES. Miaxi26 sc /6 2st CEP eGR. Manitou) ..sc.0se'sins From rose galls, May 8. 

ATES aes May 28....... Ci ESB ees Rist Canon sa.0c-a2 faken in general collecting. 

Se Mai od 5.02 CrP SGRF as Monts Collins, 1.4.2 From larve under boards, April 12. 

AOS ane Pune D-2.- <2 GRP PG sa DON ORFS. oars aac cht At light. 

fF ee Mayil9, 1-5: C. P. G......Soldier Canont..... On wing. 

ee ee May 21 7 GaP NGerass Fort Collins........ From larve under boards, April 12. Fed 
on alfalta. 

BOA es Meavi2i 42 onic (Ona ee Wecae ne Rist Canonivess 2... From larve understones. Fed on grass. 

AO Be a3 2 May 22 Cane Gtr se ODbEe OLLIMBk -stayeses From larve under boards, April12. Fed 
alfalfa. 

496 xg 22 May 24 7 OP PAGies ask. Histi@anon 50.00. 53 Larvee under stones, April 16. 

508% 2.6... June 8...... OOP Gy erect Trinidad .......... .Taken under bark of cottonwood, May 14. 

509 Saale ae eeeene Cause. Cr One OLMINB 524.5%, From seed pods of Glycyrrhiza lepidota. 

DLO ec on June 107)..-. CPAG ese Hort Collinss. 2, .... Swept from beans. 


* Prof. C. 8. Crandall ; 
Foothills, about eight miles southwest of Fort Collins. 
Foothills, about five miles west of Fort Collins. 
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Cat. 


COLORADO EXPERIMENT STATION. 


Dates of 


Nos. Captures. Collectors. Localities. Remarks. 

DLO Ee vets June 13...... (Che BBisabarse Miri aaa eiiceteee Sweeping grass along river. 

BVA A aciad June 4.. GC... PaGineeerc Denver. a. <:2s0stee eee At light 

Be soa June 4.. CP BeGiussen Fort Collins........ From larve under boards, May 3. Fed 
clover. 

BOT cients MO cds victeres-! Cy. PaGieec Bort Collins..as0- From larve under boards, April12. Fed 
clover. 

SO metre June Loess Car "Biase Fort Collins........ At light. 

BBVA sage June 19...... R. OC. 84224 Bort. Collins 2200. {na barn stored with alfalfa. 

GH! aaoan June 18...... CARMG ares Fort Collins........ Larvee in stems of currantin spring. 

Dope oeneee UDO. OL: seers Ge PRoOB sen) Port: Collinge see At light 

DOO bats June 22...... Coa Biacass Fort Collins........ At light. 

Sole ene ner LO, eer. CP Gece Dolores.............General collecting. 

RBIS aooas June 13...... Oo RAGia.cer Pucblo.. 2% cress At light. 

SB aseee June 12...... CG. PGF Denver .-22-.-5-ch ees At light 

DAL eens June 15...... CEP Gass Dolores .i.c5 o-opecia General collecting. 

ay Yer ae djeints) 1A Senon CaP Gece Doloxres;..p, see General collecting. 

Da eee. June 20...... Cn PS Ge:<.ncklermosa:.b.. sees General collecting. 

DAG en aac June 20...... Cree Gye Silverton... ones General collecting. 

Hit De lade JUDON2D oeee (OR Dee Senta Fort. Collins: 26425. At light. 

BEST gene Cirbavey BR as nin CaP bres HortcCollis ati At light. 

AO ore ce June 20:2. oh, haba: Fort ‘Collins........ At light. 

DHQhs ov. June: lseeene: Csaba Betex. Port Collins. aees Taken flying. 

HOO Tae era: June 10 CME Bite: Fort Collins........ From Jarve under boards, April 22. Fed 
clover. 

ec noc Junewies sects GAR AB aie Fort’ Collins... ...: General collecting. 

GSscencre June 10..:... Crs Be che Hort Collimstys..s7 At light. 

DOdtcmee UNGaA ee On Be cesickte Manitoul 2... eect General collecting. 

DOO see cies UNO Coueee | Chken Decree OCMIVOD + eeneeenien Seer At light. 

BOGse ee dune: ah. cee CaP Barn. Montrose... ie.c-u:: General collecting. 

Wufepeoins June 22...... (COME sock OULAY stn orem eiet General collecting. 

OSs asates June 25 ..C. P.G......Colorado Springs...At light 

DOO ee ditinercors see) Hn Bee. kort Collinsamensaee At light. 

WSR a Ae ce MOBO Maas Crake Gem Spring Canon.......General collecting. 

BST. sec UDO) SON, Gill BAG ga es Spring Canon.......On willow. 

588....+.June 29...... CRP Gass Fort Collins........ At light. 

590... .. July 2 SOe Dre Daa a Fort Collins........ General collecting. 

DUDE name July 2 “CPP. 1G..e. 2 Hort Collins... a2,e0 General collecting. 

GOLeee se. July 3 a: Cre Greenies: Fort Collins........ At light. 

6022e 25. July 4 On iba Gurney borteC@olling .o.,eer From larve on raspberry, June 29. 

618s July 5 eC PROB fast?! Horsetooth Gulch..From larve on Senecio, May 21. Fed 
clover. 

623......June 5 bee Cee Geen ae Fort Collins;....... At light. 

627......June 23 7G. Hebe) Hort: Collinst...5.. From larve under boards, April 22. Fed 
clover. 

GV. RANRSR June 7 CreR=Grrece. HortrCollingnesesnes At light. 

620. eee isl ha (Morena CR EMG tts Fort Collins:....... At light. 

635242... duly 9 OPPS Giese: Fort Collins........ At light. 

636..-...d uly? 7 CMEAG ire Fort Collins........ At light, 

63Tetasce hob able oaae Rr Ce Smeeeer Fort Collins........ 

G38 Feerr Uy alesse ca Ow bal GO. Spring Canon.......General collecting. 

OBO Ue ee ro llye al2ieeeee CPP Gree Spring Canon.......On thistle blossom. 

GHG) oan July 12 Ga WC Rea tys Ouray................From larves on Ribes hudsonianus and 
Rk. floridanus. 

Ohare ero ULy Lome Om Ble B......Rist Canon........., From larves on rose, May 28. Fed clover. 

(aE aceon July 14 ee ee (Gi RiGee ren Fort Collins......../ At light. 

C55) eee Ulivi dae cern Cian Graver: Rist Canon......... General collecting. 

CoO eee al ys iS ce erete Coke Gara Mont cool lives cen Reared from pups. 

(es Sr ands ete (Crrel Bal Bees as Larimer County....General collecting in foothills. 

(Vilas sane July 16...... Cer een onu Collings. eee: At sugar. 

Wiasoios Atel hie abhi aoe CRB coe eek Fort Collins........ At sugar. 


* Ross C. Stephenson, 


ENTOMOLOGICAL SECTION. alts; 


Location. Remarks. 
mort Oollinss: 1.4 At sugar. 
Fort Collins........ General collecting. 
RONG WOLLEDS «cus, seas At sugar. 
OMe OOLlUne.. oct At sugar. 
Port Colling: 2.2.3.2 At sugar, 
Georgetown......... General collecting. 
PEnVer estes on Taken at light. 
Dem von eee dace General collecting, 
Graymont...........General collectiag. About 9,000 feet al- 


titude. 
Fort ‘Collins. 22..... At light. 
Denyotacs-.:..... Ab light: 
DERVELAS te rc tt At light. 
Port Collinge. . oc... General collecting. 
Georgetown......... Cocoons abundant on aspen. 


Spring Canon...... 
Fort; Collirs.... .2.< 


Fort Collins........ 
Fort Collins........ 


Fort Collins........ 
Fort Collins........ 


..Fort Collins.... ... 


Fort Collins........ 
Fort Collins........ 


.From larve on Jva, June 30. 


From larve rolling cottonwood leaves, 
June 29. 

From larve under stones, May 14. Fed 
clover. 

From larve on Symphoricarpos occiden- 
talis, July 8. 

From Jarye under boards, April 12. Fed 
clover. 


SUOUTAY TRS seta From Jarve on’ Ribes hudsonianus and 


R. floridanus, Jane 23. 

Bred from pupe on walnut, June 29. 

From larve funder} boards, May 8. Fed 
clover. 

At light. 

From larva on willow, June 6. 

General collecting. 

General collecting. 

From larve under boards, April 27 Fed 
clover. 


PCHEAVINON Uy, . «ccc fe Altitude, 12,000 feet. 


Gaaymonite,.. ens 


.Altitude, 12,500 feet. 


Graymont...........Taken 9,500 to 12 000 feet altitude. 
Graymdontess.cat oat Altitude, 12,500 feet to summit of Gray’s 
Peak. 
ager Graymont........... Altitude, 11,000 to 12,000 feet. 
..Graymont........... Altitude, 9.500 to 10,000 feet. 
Georgetown......... Altitude, 8,600 feet. 
“Hort, Collins... 5.4. General collecting. 


Cat. Dates of 
Nos. Captures. Collectors. 
Olds. Uy MLSs oee A ones 
nyt. neers mony: ewes, Lol Dae! 3 hd 
i eee daly’ 19925: ..6. BY BY. 
Geter... duly 20;.... Re OS ase, 
683°... daly abuses Lobel ha Sie 
Cet wnwdtly 19:2....0. Pog wee 
G8bicven OLY 20S. 3 LB] Bath CS eh eg 
686..5....dualy Bho... CaP. Garo 
Sy ie eee SNP Ree) SES © al hel O here hotil 
688...... July 22...... CG. P Ome 
689...... July 14...... Ge PB 2Gere ae. 
ROO Fe ..-0 OY 20 nn Oe Gs 
OGh. ced Suby, (adeen oc Cer Gar 
693. rebethy We ee eae 
Se eee daly toa Oe Gone 
699-5. .iduly 19300. CPs 
Opa. sa0 hey nO cao dt CoP Gh yes 
MISE. LACE Kia V5 Gaeetemoas Orta BG roel gee 
TE ee TACT ae peta A St Da Glee 
Tie = SGU Ne Soe deel Coy | cael G ems 
WB oes Sa8 PREY Aa ne One ee Geen ager 
3 ie eee JInlyi20..7.. Chea ae 
Wa Gee Se CIS 023 eaten, On ORG arrle 
WA eis Jirihg ips peas CN Pe Gecaae 
720. CLT D A aera OF ag! otra 
Wie... 2 daly 200.05.. Cabeh. 
ed sexaor te June 27...... CePRG. ek 
20 cake oes Shae hal eee ees Opel 2 6 ae ae 
Yea) Seen AIG Pees Oy ea Grn 
730. Relvad Decree Cra bey Cr seater 
Hacemeseae tive LO eS... CEE AGaaae 
1Bhe politely eb... de Peay Ge 
SS taco dulys 19: .., --CARAGe 
TE Ae Ard kya 0 eee CoPIGlRs 
PAO Tec ae Aft teh eee C2 PAG? 
T41. AGRE 12 hese CA EYRE 
TAT, Haste Auge iran Om bees 
5G Snot July t29) ee ORPAGre 
EDT ccickar satis ATig De ae Oe Een Gueee ae 
Ub epee ANC Ue eer ben Gre. 
Tit doe Anipasst se Ce EM Bae Ss 
We Bice nyte Aut tlee Ch RB Tae 
NEO. vse ste Autres 11 + Cab Gr aa 
hc) Wier Auge Vi ee | Cpa Geos 
SS wera NUS LL. et Cow eaGer ogee 
Tho oe, od Yoel etree eh Orit car ak spe emt 
iSO eee dL 80... cern Cable ae Greek) at 
TEV heen oe Mat 3 © Peete O/5 0 LOR G veges 
OS aces YAU Bi 83 wire ayes Ome egy Chita coe 
TfsiJeee ns en UU b fe Dee ck Orel cag Geman 5 


Hort: Collinsz..: 4. 
Hort Collinge’. vi. 


+ Hort Collins? ...2... 


General collecting 
From pups on cabbage. 
From larve on cottonwood. 


Grayniontoce. ons From larve,taken on yarrow, July 18. 


-. Hort Colling....... 


Hort Collins?......: 
Fort Collins........ 
WstiC Haase ahs ke. 


From pup on cabbage.J uly. 
Larvee_taken on cabbage, July. 
General collecting. 


.General collecting. 


Beaver Creek........ General collecting. 


Owl Canon*......... 


Beaver Creek....... 


Stove Prairief...... 


General collecting. 
_General collecting; 10,000 to 12,000 feet 
altitude. 


General collecting. 


..Cameron Pass...... Between Big South’and Clark’s ranch. 
Gong Gulch... ..-.. Near Stove Prairie. 
tsG Canon ane 02. General collecting 


* Foothills, twenty miles northwest of Fort Collins. 
+ In foothills, sixteen miles west of Fort Collins. 


Dates of 
Captures. Collectors. Location. 
Bester Julye3l.....,C.PeG)...wuibles Souther... 
Papo AM, Pe so nie Ca BidGae ane Hourglass Lake.. 
anes Aug. 3.......C. P. G......lLuarimer County. 
Wacdan Aug. 7.......C. P. G...... Larimer County. 
cate July 1o0leew CPs Gia a ist Canon ces 
Coren Aug s1Sin--e CrP aCe eee HOnt@olmms aren 
ae Aue x0: 4,4 RaC Ss. 2 Demnveteracer crc 
RA RUS 220 yc Oe ba Ga. pees DONO terete 
nh ING Chi are Oh, NUE Beene Woy ea Cro libet iirc 
Sores Angel 9) 2 Cees OG pede Orbs OOlMDR: see 
aunrdts Aue 219 pot Cm Gree Ontong ewer. 
Pacer Ate 26.ne nO ee.) Gee ab orteCollingsz na 
Wey Antgel9y crt O.1b.1G:...2Hort Collins... 
nen Atigta) one Gn ea. BoROCOlingeeee. 
oe ee Sentael. 3 Cs BaD rus, aio OULGER, ner 
Relechcte Septe2tas .acG es Gy..ce-. Hort Collins... 
eeepee Septal Osean sOn bis Bons 4. Hort Collims cer. 
BROLIN ol CHOC Ml ine 3 eee Larimer County 
Sept. 20. oc... GRP Gag Den vere ce cn war 
shiateeas Septic, a Cn biaGece Mami tOUere eens 
eS SS any Seen (Gir s E8. S heme Larimer County.. 
SDE) NR PAD Oars Coal US Sieeraees eye Fort Collins..... 
See Hebe olsen Oa as: oe Ore (Colmer 
——-——........ 1 elo opponent Larimer County... 
Re Arita Opie Ges es honte Collings sae 
May 1227206 oR LES, (6 ORE, Fort Collins..... 
May 13 Pos Che LSM 2 oer, Fort Collins.. . 
Sab eS May 12 RO wea Get POF Collins ene 
cert May 12 pon wi aiG: «ate, Ort. COLNG see 
May 15 PA Oh: Se Gea Fort Collins..... 
Ree. May 22 ee OPE IG aan LL Oneu@o lane see 
De aay May AO enn Cc ks 4.54 Ort Coban asaen 
ee IMayazOrn nit Cth Gee Fort Oolhimenencd 
JUMCVD ayers oie CIP AG ees Horsetooth Gulch 
Perc JURE Heer ee ete tori Collinpeasses 
a ec June} Oe. et OraS 2... Kort Collins... 
ES dune dle Ce was... hort Collins ace 
een JUMet beeen Cote Gan Bort Collings acs 
ee June 14...... CPG See Soldier Canon... 
Te Ae ta JSUNOp een Cesena nn Elort Collins: ee 
ats JURA eae ton Mort Collang. sa. 
Moos nec. ewe Gees Hort, Collinge: uct 
June 20...... CRP ABs eo Fort Collins...... 
sea Une tee Omi Geen Kong (Oollins ce cae! 
eatin JUNG mba Coen ort: Collings 40s 
SUN ee rersaced Ombre wn ces Fort Collins...... 
Sead June 9 AC ween. ereertorecolling) ies 
aby? Oe oesee- Ce PaG we embort: Collings. 
June 28...... Cab SIRE eRe Fort Collins..... 
Pe ee) Cl ya dk ieee Chev es Grn eee Fort Collins..... 
soe DULY chee Cab eremeiniontaCollingy 
See: July 10......C. F. B...... Horsetooth Gulch 
rary Oe JUL el0 sea Cink weseeniont Collingayc.. 
Pee a DUNC BOM Cai we SeeeaborbuCokuns.eo 
Poe June 30......C. F. B......Fort Collins..... 
semehONe 2001.6 CRB Fort Collins..... 
sfelanmer 0s ee HL. Sik. $3.. short Collings... 


COLORADO EXPERIMENT STATION. 


Remarks. 
...General collecting in foothills. 
Near timber line. 
... Above and near timber line. 
...General collecting. 
General collecting. 
At sugar. 
General collecting. 
At light. 
General collecting. 
At sugar. 
At light. 


On side of house. 
Miscellaneous collecting. 


.....General collecting. 


...Larve in oatmeal. 

About flowers in evening. 

... Taken on shore of a lake. 

At light. 

General collecting. 

General collecting in foothills. 

From pape of Philampelus achemon. 
...Laryee from stems of Gnothera biennis. 


Larvee taken on steps. 
General collecting in foothills. 


....General collecting along river. 


From flowers in foothills. 

Abundant on Pinus ponderosa, 
scopulorum. 

From flowers in foothills. 

Flying about laboratory. 

Larve on apple tree, Sept. 17. 

Flying about laboratory. 

...General collecting. 

General collecting. 

Sweeping a cruciferous plant. 

General collecting. 

General collecting. 

Flying in sunshine. 

At light. 

At light. 

On window. 

..From larvae on Solidago, July 20. 

On laboratory window. 

On flowers of Astra,alus bisulcatus. 

From larve in yucca stems during winter. 

... From larve in currant stems. 

Gevueral collecting. 

From eggs deposited by moth. 

From larve in yucca stems. 

Flying about lamp. 

...From caterpillar, taken Jane 30. 

Larve on Ellisia nyctelea, June 21. 

From larye on Ellisia nyctelea. 

Larve on applein June. 

From larve on nettle, June 24. 


vare 


= 
.... From larve on Rumex, June 1. 


* Paul Schlarbaum. 
P. K. Blinn. 
R. A. Maxfield. 


t 
t 
§ H. 8S. Kendall, 


ENTOMOLOGICAL SECTION. 


a bg 


Cat. Dates of 

Nos. Captures. Collectors. Localities. Remarks. 

iwi eee. June 29...... Ca Pe Giese Fort Collins........ At sugar. 

Pola se ceves June 29...... Caches Grew. Ack Fort Collins......../ At light. 

ISstSs... adulyo db. Ge Ses kee Fort Collins........ At light. 

1634 eee duly 18s .05.. Geis. ae motu Collings. .o.<c Larvee on garden weed in June. 

WS57.-~. PAG seen» eee Gabe Bisak Kort, Calling. 6: 60%. Bred from larvee in ground about Ellisia 
nyctelea, June 21. 

1 eae POU  srefrcl ass EE Sineets UT ORE COLTS fe ciate cx At light. 

1 Tyree: Aug 1050... ae aS rece Fort Collins.... ... From larve on fennel, July 25. 

ESOS sc 2-504 Git ae |S ee BE. D. V *.... Estes Park..........General collecting. 

1 Sot See ans? aan y Pee Co BL Bow Fort Collins........ From larve on fennel, July 25. 

i Sy Oe eeey Ange —?t. s..:. G BOB) oc Port Colling,..t%.15. From lary on fennel, July 25. 

13762: *... Avg. D8... Cha so ain Fort Collins... ss. 2: From larve on fennel, July 25. 

BOs tenes. Aug Is... Coo Bn ee Fort Collins.....:. At light. 

1402..... BIE. es oc Pet ee Bewbhoud oc. sce General collecting. 

HIS os. Septlas. a2... i 5 Vs Se Re Fort: Collins......::. At light. 

$426... .)..: “Bist BLAMES Wylteqa = Men, 6 tl See 6 gegen Hort, Collings... Larve on hollyhock, August 26. 

qasae. 5 -. Bepte toe. Ps cone Fort Collins........ From larve on fennel, June 25. 

1 BY eee eee 572) HO Oe Oe RARE C eee Fort Collins........ At light and sugar. 

1440...... Nepsr To... 52 [O20 VEG Fort Collins......../ At light. 

1441 Sent: 14...,.... hE Sacra Fort Collins........ At light. 

(a eee ew SORE LO: sccce EL. Sq Merce, HOLE, COMMING)... cmc At light. 

PeARCe ee NGpbs LU sre. cut l Ba cons Fort: Collins: .os,<-0 From larvee on fennel, June 25. 

Bag: ...... Mepb. 190. ..... OME Ad See Porte Collings.cccics Larve in old honey comb, Sept. 14. 

1451 Sept. 18...... db Sams eal aay Fort Collins........ At light. 

1 Lye eee Sept. 18... ... SES op. 2.0.4 ont Collings ote cms At sugar. 

1453 Sept. 25...... [oom te eee S Bort) Collangy v.00 c. About laboratory windows. 

j 2 15" Soa apb ler css eer Eo Grin tins Fort Colline......../ About laboratory windows. 

1855 on. ODE. 20. ance C-P> G. Mort Collins aanence About laboratory windows. 

BEB coc. 32) 0) 3 ees 2 ey oo Ge Fort Collins........ At sugar. 

te Sy eae Sept. 2h... 8» Kw... Fort Collins......../ At sugar. 

1463...... 9,0 seg: BSS eee Cope Gia oe Fort Collins........ Abcut windows. 

$464.5... Oot See ssc. ba Gt. at Romy Gollimss sce joc About windows. 

Gye ee OCU ie <i oat en iss scm OME OOLUNS 325 nee About windows. 

WAGB ois 5-0 Oets Wa ses. HUSK eee Fort Collins........ At sugar. 

U1 iS ey YOM PS 13 ets ye! pene Fort Collins......../ At sugar. 

1492. df)! eee —— see Moris Coiling a7... From larve on Petunia, Aug. 24. 

RAGS Sareea itt Bee —_— .Fort Colling.......... From larve in flowers of Grindelia 
squarosa, Sept. 1. 

1494......Oct. 23..... His Bees POL © OLIMAG oars iets.) At sugar 

BADD en's Nov. 3. iidi.. $a Koes Fort Collins........ At sugar. 

LA ve chon css PROS cs ects, Pi Silos cee HE Owy Gan IDG ett aie cess ote Miscellaneous collecting. 

W528 Fece-+ PATEL Occ taste CoE Ge Fort Collins......... From box elder tree. 

1SSi IE are April 105... 5. Cb Crane Bist Canon... .. cs... Miscellaneous collecting. 

Hoos April 20....%. (OE Hel Shane Hist, CaNOw aes. snc.iss Taken on wing. 

ere /Nyop aril Pare Co Gare Horsetooth Gulch..Miscellaneous collecting. 

: yy Se ADT eo es len ST fa U1 nD Ain Horie Colums wastes From pupe taken under stone, March 20. 

TVS eee 4 oe UR ieee CORR Biggs Orbe OLIN Sicne 5 A06 From lJarve on walxrut, April 9, 

DOS eR A Did) Qe ao Om E. Boaee Onn @OLLING)).2157...7 From larve on walnut, April 9. 

Pa eee DT LL 20 ndserviss Cab Bee HortsCollinsy... 4s... From lary on walnut, April 9. 

0 11 Kae May 14...... eS besa Ota OLINS): .2.1.2. At light. 

1606.03. Mayet neces (GPUINEN RnRaton Dixon Canon....... 

1632. Jane 3 SCE Baek ONGC O LEI aa sis sic.+ Larvee under boards, May 20. Fed alfalfa. 

4633)... 5: UNG ins onuects CAPe IB Seccns Fort, Collings.2....: Larvee under boards, May 30. Fed alfalfa. 

AGS UNE 2eescvee CHES Baeast Fort Collins........ Larvee under boards, May 20. Fed alfalfa. 

464205... May 24.000 5. (Oja Uae enc ee Fort Collins........ At Jight. 

1h Sood May el2ee ve (Go Gee 5 Pleasant Valley ....On thistle bloom. 

1654 coe. Mey (302 saree On Beenie Fort Collins........ General collecting. 

M655 ese os July —...... Ce PG acct Bort-Colling,..: ... From larve about Rumex, May 30. 

MGB A sctscrs:: July —..-..: CORE BI Tacieuar Fort Collins........ From larvz about Rumex, May 30. 

159s e00 05 July — wOr BR Bizews Fort Collins........ Larvee on Oaybaphus hursutus, July 12, 

TOS pero July —...... OP PEG coccrs Fort Collins........ From Jarve about cabbage, July 12. 


*E. D. Varney. 


18 COLORADO EXPERIMENT STATION. 

ey Caen Collectors. Localities. Remarks. 

TWh nao 3 July 19...... CRRAGs er: Estes Park..........General collecting. 

700s eerenee July 7.......0, FE. B......Cameron Pass...... General collecting. 

T7T0L eee Afeahy 1P Rear ar Ce BeSBeacee Steamboat Springs..General collecting. 

1YUMens oon INTE Go ae Cradle MB ran 3: Colorado Springs...General collecting. 

7 OGieeemtee SulyaiOeg. eee Be ee. Cameron Pass....... General collecting above timber line. 
EIQQ aha dake Wrhoscee. Cab Bree. ‘Bistes Parker. General collecting. 

SAD seth) a eoe cio Ci aad BSS, Bistes-Park. satu) se General collecting. 
1714......Aug. 8.......C. F. B......Colorado Springs...At light. 

AVfil\ ocean INGE ress Gand Oud te dB Bae dae Fort Collins........Bred from larve on cabbage, Aug. 4. 
t7LGieceun Auge 4y.ues. Ob Geir Colorado Springs...From pups on poplar, Aug. 1. 
726% ener Ae nae wercen (Chad faved Berane Colorado Springs...From larve on cabbage, Aug. 4. 
17298 ene Auge JOS ees Ce Re Baa. Fort Collins:....... At sugar. 

A730 Maer AUgs Lew Ou Be Ba.uns: Fort Collins........ General collecting. 

LIB 25s cai Uivihy iDeeeace (CoB Gere’ Hetes: Parkicoer..c Miscellaneous collecting, altitude 9,000 ft. 
WE Boweear Awe We oa ae C2 PR Gir. Histes~Park 73.5. t.. Miscellaneous collecting. 

BS anon Jey lGene. Cr PEGrere Estes Park..........Miscellaneous collecting. 

LTA e even UNOS Pb a5 on CR Gers cse Glenwoed Springs... At light. 

ear Sele Angen23 ener CHP aGe wre... lsead villeniiy recta nice Miscellaneous collecting. 
180Sieer c Dialy 28. eee CAPR Gores. Cripple Creek.......At light. 

SOL Seciece ehietl Vine Ober ses CHORE Gesncece Near Lyons..-...--- General collecting. 

180522 c25: Sept. 14...... Ce Pi Graces Long’s Peak........ Above timber; altitude 12,000 feet. 
S06 sees ee Sept. 80...... Che erence Deanveresiaens cern At. light. 

TSSO Ease JUNeOMSee es Cre Gose as Horsetooth Gulch..General collecting. 

TOU gees June 19...... C2 Pi Gs... LOL Collinsecceces On apple. 

1900. e2- Misyablc entice: CPP Ga nano Fort Collins........ From cocoons on rose, April 25. 
T9OG sere Aer June 24....... CrP Gate Hort Colbins:7s.-e. Moths reared from apple and box elder. 
NOO Teeter July 1. Oe a Gin ce Spring Canon....... Reared from choke cherry. 

GDS eaters June 28...... CePYG 2 Springs Cancdasne Reared from cherry. 

IOUS gees July A0u ne. @SPIGP es: Fort Collins.. .....Cottonwood leaf roller. 

O22 a. == July LO ee. Pals Saosin nees Loveland ...........General collecting. 

$950) 4 oaiee June 18 FA Ors SANK 6 iperascc Fort Collins........ From cottonwood leaves in spring. 
1959...... Sept. 8 re Ore eee. ei OF Collings sae see General collecting. 

1 OS pects Sept. 25 a OR Bin 6 eaves Denver... ieeeuee er At light. 

DOT astescte ATU O ae CG. PAGES =: Fort Collins........ Taken on inside of window. 
Q01Si ee arte April29) 052 CPG sos Dixon Canon....... General collecting. 

2090...... May 4 sera 8 oak G ro as Fort Collins........ On Amelinchier alnifolia. 
2091... 25 Mayov4taascss (C2 ePa Ge Fort Collins........ Miscellaneous sweeping. 
2096..<0 0. May 9 oath Cen PAG toe arn Dixon Canon...... 

PAO nace May 12 Pe Deas ae Ort @ollingremeneiee Resting on ground. 

ANOS ascan Mayalian ccccc.: Mrs. J.D.8..Fort Collins........ At light in room. 

O10 isco DELS). sys ine OES sl scien Hort Collings ..cesee Miscellaneous collecting. 
21060265, Mayy20 vee wen COP Gee Fort Collins........ In lantern trap. 

DAL OTiseye iene May 19 rusk Cel BNC ae pret Port Collings. ..mee On laboratory windows. 

"AOD sscoas May 205-0... Ore P Ash ese. Fort Collins........In lantern trap. 

ZALO Sornctas (Miaysae seen. C.P.G......Fort Collins........In lantern trap. 

PAD ves Maye23ince sic Cea Gee: Boulder reaccenee in canon near town. 

PH TES 8 May 27....... CME AG cee Fort Collins........ In lantern trap. 

PALES oop at May 28....... CAPAG. ast ore Collinsie. oa Taken on window. 

PNB oe May 28 SU AON GI 2iaa Cen ee TRapOTOOM ene eee Taken on ground. 

ONS eee Mayne ernc.ce CAP Gace, Fort Collins........ Taken about Jights. 

PAW BYarion osC Ue) onmnaGNWn dee Ginn sae BontaC@olllingememnces Taken pairing on grass. 

7 AD ocrn bua ne coda uC ln Exaong Fort Collins........ In lantern trap. 

DIT ee OUMO ek cece CUP eG eer eLOreCollimaen esse In lantern trap. 

D128 Jets es June 8 So Oe PANE aoae ortiC@olling a: eaaer In lantern trap. 

PB cede DUNO cna CRG yee Fort Collins........: At sugar. 

2133)...... PUNO) Oeil Oe eeOrts Collins st) se In lantern trap. 

ils) EOE Gp June 10...... CHP G.. sens HortiColling s,s In lantern trap. 

QISD Tee June il..... C2 PGi ee bor Collins sete In lantern trap. 

DAR eet Afro liemaacnOn dee Cia saes Foothills............ Near Fort Collins 

2148 .5..5-dune 15m... -. CUP G eer Laporte............. Larimer county. 


* J. D. Stannard. 
+ Carlos Stannard. 


ENTOMOLOGICAL SECTION. 19 

€at. Dates of 

Nos. Captures Collectors. Localities. Remarks. 

MIST aivecnc) UNG LO .<15 «c/s OOP Gis cnae DREPOLEO Ecce se cn In lantern trap. 

2148 June 16...... Ce Pa Gane re TADORLO cent oaccius ann In lantern trap. 

MAO et ONO Osea cies bees. MoOGtbINGA cart ces: On alfalfa bloom. 

21505... <. WUD Li sacks < Mrs Pe Crosacter Foothills............In lantern trap. 

UG Eas Crt eS iene Chet soni © aaa oes Moophwisie.. c< ee a6 In lantern trap. 

7a a MUNG Toes ates bee iswess Larimer County..... On bloom of Erigeron, sp. 

yA ee June 26...... NE een Fort Collins: <......: At light 

BLOONS. aso.sn June 25...... Ua Pt Gees Laporte.............On bloom of thistle. 

AGA. ores June 29..... GE Gare borescollins::,. 2... In lantern trap. 

AGS See Jane 27.0.5. CFP. Giress Fort Collins........ In lantern trap. 

2164...... July 9 oe Oe eae Cr ge eerete Foothills............ Twelve miles west of Fort Collins, 

ALS: ee PRP AS Geiss = Opel ee Foothills.......... . Little Beaver Creek 9,000 feet altitude. 

“A yh Sen Rady Sic «comer Chere cers Larimer Connty....Taken above timber line. 

CA Core Gy cnlG nro er bn Grn a. OD VOR seat aeiay sce ..At electric light. 

SATO sc.a< =, wuly 15.<o.60 W.T. P *....Estes Park..........General collecting. 

5 ts A ae valy G.-.2..5 J.H.C.+.... Larimer County.... Little Beaver Creek, 9,000 feet altitude. 

PROD ic trey chew on cen One Bee Graciccyare Larimer County.... Between Little Beaver and timber line. 

71 daly 182. .c.61 Gio) Pano Bese Goldene doccoerk nieces Butterflies, mostly on Clematis ligustici- 
folia. 

Ch a Shall yes Oe eee ack 6 oes cane 6 ene Golden..............In lantern trap, 9,000 feet a’titude. 

2200...... Daly 28. o5..6 LER an bee es Fort Collins........In lantern trap. 

2208 << «. July 28...... CaP. ~ Hort: Collinge. csc... {n lantern trap. 

2204...... COLEW Et tock GP Gace. Larimer County..... Taken above timber, Little Beaver Creek, 

7? eee 01 a gab Ha aoe 3 Bat et Oa Hort Collins’ S..<.).. Larvee eating saddle blanket. 

22006... =. daly 30 ices: | Tsapl BS ese Fort ‘Collins...05...5 General collecting. 

L20E occa BAN a rar o a cyaied store east CR oa 2 ay Fort: Collins... ~>- On flowers of Mentha canadensis. 

7A ee SOY E8275 Gre IB i o-- Fort Collins.... ... General collecting. 

CAV a olka « sae COP aie are Larimer County..... Rist Canon. 

7a |i eee June if...... SR Cee Larimer County....Taken at 7,000 feet altitade, in evening on 
flowers on Jamesii americana. 

DAG Era cfss Aad (op © Sele Ol 2 ea Poothilleiecasecens.- Ten miles northwest of Fort Collins. 

DAG. PURE eters « CPP AG cB Port Collins..c.. 2. At light. 

OR «nas STE He tps ne ioe 6 Pe Fort Collins........ Taken along river. 

ee Sea Prbemore tee Ew Gece te Larimer County....In lantern trap, 9,000 feet altitude. 

2220-60...00ly 20..... isch ts Oras Fort. Gollins..2...:.+ 

ALO os ce. ais Aug. 7. pe et Genoa Fort Collins........ In lantern trap. 

rE ae DULY Sa... CE Ps Gren Larimer County....Taken between 8,000 and 9.000 feet alti- 
tude. 

OD aa eis (Ws Feae 3 be era CLE Geos Denyer a. .<.s00..5.At light. 

BOAR Elna Meds i cine CyB sweealmer LAke!. 5%... Taken in canon, 

DIDO, conv Jr vedo CAS anS C. P. Ga Palmer Lake.... +... On little oaks in canon, 

DOr ee AE a AB ire ov. ie Bea OP ELVOL. oo ciesc sie sus aoe d At light. 

2258...:-. Ato a4... cle iGreen MOATIOD CUE «on Shon 

2271 ADE. 2iicc seats beers WEG OUM BV do meaasce Between 10,500 and 11,500 feet altitude, 

2272 ANS 2c; eta Gah ee ey tara ye Marshall Pass....... On bloom of Senecio sp. 10,000 feet alti- 
tude, 

2274. ATS copies se C. B..G....-.Marshall Pass......: On bloom of Senecio sp. 10,000 feet alti- 
tude. 

2285 Aug. 22 Opel Geer Cimarron...........Abundant on Alnus viridis. 

2288. Are Well vse, 22 Co RAG... Coro Samimitess... On Sarcobatus vermiculatus. 

2289. Aug. 21......C. P. G......Cerro Summit...... At about 8,000 feet altitude. 

Ade Fetal ANA, BGR omee CaP Geta: Marshall Pass .....Sweeping willow. 

BEDE: coca os PRUE el cea ts CBS Gime Cimarron...........General collecting, 7,000 feet altitude. 

2295 INGER od ae OR ENG este Cimarron...........Between Cimarron and Cerro Summit. 

2298...... AS Nol Ores CaP Grae DEM Ver sere was use 6: Taken at Jight. 

BOO estas Septaclece as Obou Gr aertcs Fort Collins. .2.. ..: Taken at light. 

2338. Oct. 2 ie CRP Gitecaecn Fort Collins........ At light. 

OOO sales Oct. 5 yiOR Te AG area Fort Collins........At light. 

2337 . Oct. Vitec. CsA Grecian es Fort Collins........At light. 

2338 . (Deine on aaane i Dion Gel Meera Hort, COuIn Ges. tare Taken at light. 

PAW ee ALK: 
+J. H. Cowen. 


Cat. Dates of an 

Nos. Captures. Collectors. Localities. Remarks. 

DBL T sincroiere May 21 BL Chee Gara Fort Collins........ About tomatoes. 

2848) pence Nov. 1 Fe, Ohl PS eA Fort Collins........ Larvee taken June 2-5. 

DA OB ee eels IN Oy UPR ro ce Oy ba Greene Delta wacecsanccsseee Cocoon taken from plum. 

2462...... May. Uixees nly Ax G.* ee Hort: Collins arene Taken on lawn. 

2463 )):o22. JUNO 16.5201 Hy Ava teen Belivue.............General collecting. 

DAG esas MAY lO satsents Ce ae ce Mate Near Fort Collins.. Miscellaneous collecting. 

AGO tee rer Maye U7 ccm be Crane Fort. Collins........ Taken on window 

UNAM ao ae UIT N LS weird Gr Pes Gaara Fort Collins........ In lantern trap. 

DEBT a) dan May 20... Be At Guise. BOrt Cotlingronsrce Laken on window. 

QATD «osc June 19..... Ca Pe Gah ats Fort Collins........ At light. 

2476.05 .=. June 21...... HAG... Bort @ollins)aperee. At light, one fémale full of eggs. 

2480...... May: (20:..7001C. Bs Gi.22.HonteCollimsijn. ree In Jantern trap. 

2486.....- May 22...... Case Games: Denvericccicccs once At electric light. 

PU SSHE oon May) 23) sce Coys Gong Onn Collinge ep aeea At light 

DADO Fes asters WEN Zonacsce he. .G. De. Korte Collings seca Larve taken May 3. Fed on alfalfa and 
box elder. 

DOS maces lene Pbacdane Ree Gen eons Fort Collins’. .-.3-c From larve under boards, April 20. 

2500 see e: May (26.0.0: Cian! eal O tectydied Fort Collins.. .....Takenin foothills. 

V5Q4 ee cc Mave s2 Siren GC. PG... port Collins nase General collecting. 

2526 weston: IMF Bi hse cen Onhep Bil ieee a Port Collins ses. Taken at light. 

DOT ec inet une) tees (Oia Pas GS ice Fort Collins........ Taken at light. 

2528...... May 28...... CaP EG. Fort Collins........ Taken at light. 

OO serrate Une Sate Gro Deen os Ont olin gman Taken at light. 

PBS SI Geaos June Q...... OPPS Gece Hort Collins’... ...- Taken at light. 

2560... - = UNG ULE. ene De (Cent Wien Fort, Collmsacccetser Taken at light. 

2564... 2.5. May Tena. Je bee Greene Sh OLe Collinge. Taken in foothills. 

2565 ae SUIROMLinercleners yd Deal 0 ie Ase Rist: Ganoni.teeccs-- General collecting. 

2501s ase UNE), VE. oe... Bee Gam Leer. Hort Collmsrr cern: Taken at light. 

2570 em Sane! LG. ae BG. TD yiccectort Collinstercssc Taken at light. 

PARA Mes eset SUING Wiesel diel Gall Ne eats Fort Collinsm. see. Taken at light. 

CAN ke eee UNO LS:.c5e HG. Uren Ont: Oollite se na: Ta en at light. 

2576 June 20) cess 1S KG el Maes Fort’ Colitasee...cc- Taken at light. » 

OD Sees June 21...... nG, aeee ae Fert Collins........faken at light. 

PASO) mein June 22...... Bip G aol Me hee Fort Collims. 2... Taken at light. 

yet eae June 23...... PS EBON Mae ee Fort Collius-....... Taken on plum. 

PASO 65 56 JUNE LD cans Hee Gee eee Port Collingessssees Taken at light. 

2604. Jane 26..... 1 De Gerad Beare 5 Fort Gollins........ At light 

2610) eres June 30...... Le Hey Bee AP Fort Collins........ Taken at light. 

SW 60 68 italien sees sr (Des INS Fort: Collinssasssse Taken under boards in larve state. 

2613 eitwd tl serno Sel ws o Mael C re Fort Collins........ Taken at light. 

OX oan Swear omen BreG lo ee hort Collimpsaeeeee Taken at light. 

2615...... Gul HAs see atin (Cie Ae conge Port Collinss.se. Taken under ground near cabbage,June 18 

20 MTree Julyne sees eee. Fort Collins........ Takeu in foothills. 

2620... eNO a eaeretaterate BG la chore Collis amare Taken at light. 

AWA he yniaee JUlyn Gynec Gre Lec Hore @oltlms. ace Taken at light. 

2622s eee. Uw hee a sean pelle WG sed Meas Fort Collins. ....... Under bark of cottonwood, June 7. 

2625 SAWN Wisenaise Brak Chol Meee oe Fort Collirs.....:.. Taken at light. 

AEB. cnc on AStoW big MOR 2 aE ed Mise a Fort Collins... ec. Larve from flower bed, May 25. 
alfalfa. 

QOS4 aan SEY leas ed Orrell eel Cee 9, Fort Collins........ On leaves of plum, June 25. 

PB Veet 2 July 10...... dew Creel Dy es Snag Fort Collins........ Taken at light. 

264 eemeeawULy, 4s sso anus Gan cet Fort Collins........ Under bark of cottonwood, June 7. 

2047 ee. ua a pig t Ure ERG Denar Fort Collins........ Taken at light. 

DOAS tere Joly 162.8 We Ga Peo ee Bort.-Collins.. 0040 From larves under boards, May 4. 
cottonwood. 

2050 seca: July 14...... eG dees Fort Collins........Taken under bands on cottonwood, in 
pupa state. 

RAST tp ak SUL Yel Omen KieGavheaeer Hort. Collinsy... dae Taken at light. 

2652 Bea eter ul ye LOeener Ba i nsees Fort Collins........ Taken at light. 

ee eee 5 Y aera EGpo bees Honti@olling eres Taken at sugar. 

2654... cass folie Wiese EG bees Fort Collins........ Taken at light. 
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Cat. Dates of 


Nos. Captures. Collectors. Localities. Remarks. 
ID Mrs cca #7 bags © See LOG FW Bee Fort Collins........ Larves under cottonwood bark, June 11. 
2669 osc cus July 20...... SG cle eee Ore OOM co. en .c Taken at light. 
7230) ees Waly Bbves...c> DESC ek Le Port Collins... .... Taken at sugar. 
2662....... B rae Nie eee EE ara Sear Fort Collins........ Taken at light. 
BOOS te NW, Adaceeee et.) Gr ube: ox ce ore Coins jc. +5 Taken at light. 
OG Ss Joly 22:0... B. Gi T ccc: Fort Collins........ Taken on sidewalk. 
2686 aac e! <5 ULG Ph cote, Bue GT 2 on 1 AAS CONE bw Kone a Taken at light. 
BOOS. c6as duly 262... LS dat . Hort Collins... 5. ..; Taken at light. 
OTA ee x daly Wtees.- EMG ol Sacck HOLbrOOLlISys, «.0-. Larve on ash, June 26. 
BOlGsc uke Uly Bivee. sake Gee. es Fort Collins........Taken at light. 
yt See July 29..:... BG SNES es Fort Collins........ Taken at light. 
BGSdse ws cuUly” Logarta. Fistes Parks... Taken at Gem Lake, altitude 9,000 feet. 
7. 3 ae Jaly t20%.... GEePS 1G cae DetesAbarken + oste se Taken at Gem Lake, altitude 9,000 feet, 
eet cae hay 1B ec ee A GS fe Estes Park.. .......Taken at Gem Lake, altitude 9,000 feet. 
DOSE cress Jaly, 20 ae sc ee bee eon Bort Colitnssi< tcc: Taken at light. 
BOGOR ocr <x July 23... 2Bo AG 52S. Estes Park.......... Taken in Devil’s Gulch. 
OSS mie 2 aly S0PR Ree. eee Port Colling..23 ie. Taken on window 
2080s. ox 4. oly. Ol Se es BE Gee Psa. Fort Collins........ Taken at light. 
AU Eee Aug. 2 aa Gk S FL! Wa Fort Collins .<.....< Taken at light. 
2692......Aug. 2 ee AGE oe HORt Collune seaeers Taken at sugar. 
ri}! 3 SRC h tel in Saag Ms Bstes Parker nls cats 
2694....... Scars ie, Ene e oat Pinewood)...c..%.5. 
2695 ..Jduly —..... Mrss, Patic<. <2 baporte:. fase... 
DONG sa...6.< July 8 mae gek as Fort, Collims: 20: 1. Taken at light. 
2699...... ASLO eae Dn cl ern Fort Collins....... Taken at light. 
2T00 oso Aloe. Direct Ge De sot Fort Collins... «-- . Taken at sugar. 
NOSSo..<.- Aug. 6 ee Bi Ge Dick on ss Fort Collins........ Taken at light. 
2709...... Angin cee 2. BGs P's... ... Kort Collinge a5...- Taken at light. 
BTLO) alec 24 July 25 RN Ut... Hort Collins:.-..:5- General collecting. 
1 ee daly “te. Fe S aks Wee Hort Collines.co.... Taken at light 
2715 Aug, 10224 i DG seme Meta ce Fort Collins........ Taken at light. 
STIG ee: Aug. 14...... a Gs ees Fort’ Collins?....3.+ Taken at light. 
ea P| See Ang. 00. oe: Gy PGs. Rocky Ford......... General collecting. 
OO DPR ste Aug. 16 25053 AG geod rere Port.Collims: eo. At light. 
GU Rene Aug. 18...... d Swe S ald Man ee Port-Collinss .....- At light. 
ASL ce. a. Aug. 19..... i, GT... Port Collings. 4 7. At light. 
7 35 Aug: 20...... i Gs Tf. .2.,.. Bort Collimss:.. 2+. At light. 
Doe ee oe Avg? 20 Ancae By. GU 2iess. mhlort Collins <2 c..0- At light. 
7H Sure Aug. 24 HG Paes Foré-Collins: <..2::7 At Ught. 
2738 ee eee By Bitte. oe Loveland ...........General collecting. 
73 ee July 26 DCG cs Wek a Bort Collins). 23%..2 At light. 
2748..... VY Gar ess Be E. G. T..;.. Fort Collins:..:....Atelight. 
QIBO! tts Aas 28 sare: i AIC G rect ieee oe 2 Hort Collins...<:...'. At light. 
la rare cist Arie 80 deeds 1g G co Nee aaa Fort Collins........ At light. 
Papa Eo Rug. Sl ens Br Ge ercy Fort Collins........ At light. 
rey bse enone Sept. 1....... BG. s... Fort Collins........ At light. 
2754 July T2572 AG =. BetessParkittscn enc Altitude 8,000 feet. 
2755 SJuly, 20 ae Ce Ps Gi... dbates Parkh. ie i sc Altitude 8,000 feet. 
ry i eee Ail ape Wash ee: Hines Gea aks Estes Park....3..... Altitude 8,000 feet. 
DIDS eee AUR ince os ¢ DEE piel Mae ces Hort, Collings: ..%... At light. 
QTD ieee Aug. 3 Sn) SAMO ee ol nero Fort Collins........ At light. 
POS eee Sept. 4 PB (Gin IDs eas ce Mort: Collinscns caer At light. 
OTOL ae cus: Sept. 7 ee Bicol real Mee te Fort Collims..:..... At light. 
D1 Dye ee tly Loses BATA Grace IStOS ME AT Kits ecccaa caer 
DIOS ve eacce Sept. 15.52... CapPivGieaoa iH orteCollinSaecc..+<< Miscellaneous collecting. 
BIS lsiacieras Sept. 25 Bot Cbd ee 6 meee Greceleyina-adalc:-.- On nursery stock—apple. 
2806 AN ee ————-...... Colored Osa-.ce aes + Specimens from David Bruce, and cred- 


ited by him to Colorado. 


* James Heukanfer. 
r Mrs. Taft. 
R. N. Underwood. 
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LANTERN TRAP. 


This lantern trap was used to collect many of the moths reported in this bulletin. 
For a description of the trap see ‘Proceedings of the Ninth Annual Meeting of the Associa- 
tion of Economic Entomologists,”’ p. 75. 


tds 


A Few New Species of Deltocephalus and 
Athysanus from Colorado. 


CLARENCE P. GILLETTE. 


DELTOCEPHALUS PARVULUS, n. sp. 


Color greenish yellow, vertex strongly produced and acute, 
length 24 to 3 m. m. 

Vertex strongly produced, acute, angle at the apex about eighty 
degrees, surface nearly flat but not depressed, length somewhat ex— 
ceeding the distance between the eyes; color whitish, with two ir- 
regular, diverging, infuscate bands extending from the apex to the 
posterior margin, median line black and sharply defined on the 
posterior two-thirds. Front slightly infuscate, with about six in- 
terrupted, transverse, pale yellow arcs; clypeus pale yellow or 
slightly infuscate, broadest at base and gradually narrowing to the 
rounded apex; gene greenish yellow throughout with a black spot 
just outside the middle of the loral suture, in some examples the 
upper part of the suture is also black. Entire length of the face 
slightly exceeding the width. Pronotum pale yellowish green, 
deeper yellow on the anterior margin, in some examples with two 
longitudinal black dashes above; the length hardly equal to one- 
half of the width, but slightly exceeding that of the vertex. Scutel- 
lum pale yellowish. Elytra deep yellowish green, subhyaline, con- 
siderably exceeding the abdomen; nervures very distinct and deeper 
yellowish green. Tergum black, with the lateral margins of the 
segments pale yellow. Venter yellowish green with little or no 
dark shading, last ventral segment broadly produced and oval at 
the tip. Pygofers and ovipositor yellowish white, the latter bordered 
with black beneath in some specimens. Legs pale yellowish white 
throughout. 

Male genitalia: Valve rather small, triangular, the apex blunt, 
the base extending from one-half to two-thirds of the distance across 
the hind margin of the preceding ventral segment ; plates long and 
rather slender, extending beyond the valve a distance about equal 
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to twice the length of the latter, and possessing a single row of rath- 
er stout, pale yellow spines along the outer margins; color pale 
greenish yellow. [See fig. 1.] 

Described from fifteen females and five males taken by the 
writer sweeping native plants, in most cases short prairie grass, be- 
tween August 16th and October 7th, and on May 28th. The points 
from which specimens were taken are Fort Collins, Colorado Springs, 


FIaG. 1. 


Deltocephalus parvulus: (a) upper surface of vertex, pronotum and scutellum; (b) female 
genitalia from beneath; (c) male genitalia from beneath. Grealty enlarged (original). 


New Windsor, and Horsetooth Gulch. This species is a rival of 
minimus O. & B. in minuteness, which species it closely resembles. 
It is readily distinguished, however, by the broadly rounded, uni- 
colorous, entire last ventral segment of the female, and the smaller, 
more acute valve in the male. 


DELTOCEPHALUS COOKEI, n. sp. 


Color cinereous to grayish brown, vertex with dark markings, 
length 24 m. m. 

Vertex broad, flat, not distinctly depressed nor strongly pro- 
duced, rounded at the apex; color pale yellowish, variously flecked 
with dark brown, median line nearly obsolete, length barely equal- 
ing the distance between the eyes and less than one-half the width 
of the head. Front pale brown, with about six incomplete trans- 
verse bars, and nearly parallel sided, rather narrow, width at cly- 
peus fully one-half the width at the ocelli; labrum sordid yellow, 
in most examples streaked with black on the middle, nearly parallel 
sided, broadest near the rounded apex; gene sordid yellow streaked 
with black beneath the eyes, next the antenna, and along the loral 
suture; the inferior angle of the lore black in some examples, in 
others entirely yellow ; genze, below the lors, very narrow. Prono- 
tum on the anterior margin, concolorous with the vertex, darker 
posteriorly, in some examples nearly unicolorous and in others with 
a distinct longitudinal dark stripe back of the inner angle of the eye; 
‘still others are marked with a small black spot on the anterior 
margin against the middle of each eye and have from one to three 
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smaller spots posterior to these and directly behind the inner angle 
of the eye; distinctly longer than the vertex and a little more than 
twice as wide as long, Scutellum of the same color as the prono- 
tum, with or without yellow and dusky markings, transverse suture 
very close to the hind margin of the pronotum. Elytra slightly 
exceeding the abdomen, pale cinereous, with a few dusky or black 
dashes within the cells, the heaviest one on the clavus near the suture, 
rather near the base. In some examples this is the only dark color- 
ation present. Tergum black on basal half, mostly yellow on the 
last two segments. Pectus and venter almost entirely black ; last 
ventral segment of the female black, short, distinctly inflated, pos- 
terior angles, produced and with a short, blunt median lobe ; ovi- 
positor yellow on the middle and basal portion, darker towards the 
tip, sightly exceeding the pygofers. Legs smoky yellow, femora 
and coxee mostly black. 

Male: With the valve large and broad, with a slight tooth at 
the apex; plates stout at the base, suddenly constricted before the 
apex and exceeding the valve by nearly its own length. 


Fira. 2.—Deltocephalus cookei: (a) female genitalia from beneath; (b) male genitalia from 
beneath. Greatly enlarged (original). 

Fie. 3.—Deltocephalus vanduzei: (a) genitalia of the male from beneath; (b) last ventral 
segment of the female from beneath. Greatly enlarged (original). 

Described from seven males and five females taken at Manhat- 
tan, Colo., October 7th, by Prof. W. W. Cooke, to whom I take pleas- 
ure in dedicating this species. It is closely related to vanduzer G. & 
B., but is readily separated from the latter by the markings upon 
the vertex and the genital characters, as well as its usual lighter 
eolor. In venation this species is an Athysanus, but the vertex and 
face, especially the latter, are Deltocephaloid in form. [See figs. 2 


and 3.] 
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DELTOCEPHALUS BLANDUS, n. sp. 


Pearl gray, marked with cinnamon brown. Length 23 m.m. 
Vertex with a broad white median stripe divided by a brown line on 
the posterior two-thirds and bordered either side by a broader band 
of brown in which are two whitish spots, giving the brown color 
somewhat the shape or the letter B. Near the base of the vertex, 
either side of the white stripe, are two small deeply colored choco- 
late spots; ocelli black. Face light cinnamon brown in color with 
about six irregular transverse pale lines, and about one-sixth longer 
than broad; clypeus broadest at base and gradually narrowing to a 
rounded apex ; loree whitish with a large central dark spot; gene 
whitish, black beneath the antenne and moderately broad at the 
clypeus. Pronotum pale yellowish green, faintly stained with choc- 
olate, slightly concave behind, lateral margins broadly rounded and 
two and one-fourth times as broad as long. Scutellum concolorous 
with pronotum, with the basal angles and two longitudinal parallel 
lines on the disc pale chocolate in color, transverse suture straight. 
Elytra attaining the posterior margin of the last abdominal seg- 
ment, pale ashy in color with a few of the nervures bordered with 
pale brown. The tergum light brown, mottled with white along the 
median line, the basal portion of the pygofers above deeper brown 
than the rest, shading into black on the anterior margin. Venter 
black on the middle and yellow at sides; pygofers pale yellow 
stained with brown below; ovipositor black, scarcely exceeding the 
pygofers ; last ventral segment with posterior angles produced and 
rounded and with a short blunt median tooth, the tooth and broad 
lateral margins of the segment white, the remaining portion black ; 
feet pale yellow spotted and annulate with cinnamon brown. 

A very handsome species described from two females taken by 
the writer, one at Fort Collins, September 21st, and one at Calhan, 
October 7th, while sweeping native grass. 


DELTOCEPHALUS LABIATA, n. sp. 


__ Somewhat closely resembling D. argenteolus Uhl., but differing 
in having a narrow and more acute vertex that is not at all de- 
pressed above. Length 34 m. m. 


Female: Vertex nearly flat but not depressed between the 
eyes, slightly sloping forward, conical at the apex, about one-fourth 
longer than the distance between the eyes, whitish to light lemon 
yellow in color, with light and brown pencilings on anterior third, 
ocelli fuscous or black. Front concolorous with vertex with about 
six more or less distinct dark cross lines, which are interrupted on 
the middle; clypeus long, lateral sutures straight, a little broadest 
at base, truncate at apex, extending about one-third of its length 
beyond the lore; gene ivory white with a black spot beneath the 
antenne, another beneath the middle of the eye, and a third very 
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small one on the middle of the loral suture, narrow below the lore 
but, on meeting the clypeus, suddenly expanding and extending to 
its apex ; lore and clypeus entirely yellow, or with their lower ends 
blackened ; entire length of face distinctly greater than the width. 
Pronotum colored like the vertex on the anterior margin but shad- 
ing into greenish posteriorly, rather indistinctly transversely wrinkled 
on the posterior half, nearly three times as wide aslong. Scutellum 
small, greenish or yellowish without markings, transverse groove 
rather faint. Elytra of same color as the vertex, about as broad as 
long, barely reaching the third abdominal segment. First two ab- 
dominal segments black above, the following ones light yellow, each 
having a transverse row of from six to eight light brown spots, ex- 
cept the last segment, which usually has no dark markings. One 
example has two spots, as in D. argenteolus Uhl., and also has black 
lateral margins at the penultimate segment. Venter black on the 
middle, yellow at the sides, posterior angles of last segment slightly 


Deltocephalus labiata: (a) face; (b) genitalia of female from beneath; (c) genitalia of male 
from the side. All greatly enlarged (original). 


produced, the middle lobe occupying more than half of the hind 
margin. Pygofers pale yellow, ovipositor about three-eights of the 
entire length of the body and strongly exserted. Legs pale yellow, 
in dark specimens tinged with brown. 

Males: The males differ from the females in being only 23 m. 
m. long and being much darker in color; the lower half of clypeus 
and lore, the venter, and the tergum, except the last segment, which 
is white, black. The elytra are darker than in the females, with the 
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nervures near the posterior margin conspicuously white. The ground 
color of the vertex is more reddish and the light markings are more 
distinct on account of darker brown colors bordering them. The 
valve of the genital pieces is wiangular, narrow at the base, with 
the apex slender and acute; the plates are short and stout and ex- 
ceed the valve but little. [See fig. 4.] 

Described from numerous examples of both sexes taken by the 
writer during the months of April, May, September and October, 
sweeping native plants and in the following localities in the state : 
Fort Collins, Bellvue, Manhattan and Calhan. 


Variety rufus——Of this species I have three females that differ 
from the others in being of a salmon color throughout, with the 
markings indistinct. 


DELTOCEPHALUS ATROPUNCTA, n. sp. 


Pale yellow in color, vertex strongly produced with a black 
spot at apex. Length 34 m. m. 

Vertex strongly produced, acute, slightly elevated towards the 
apex, disc slightly convex between the eyes, not at all depressed, 
length equal to one and one-half times the distance between the 
eyes. Color light yellow shaded with brown towards the apex, 
paler between the eyes, median stripe and two cross bars whitish, 
median dark line obsolete except at the base; ocelli black. Front 
long and narrow, nearly parallel sided, pale yellow in color with 
fuscous cross lines rather indistinct in one specimen and nearly 
black in another. Clypeus rather long, sides parallel, tip truncate 
and strongly produced beyond the lorze, pale yellow in color, infus- 
cate towards the tip; lore and genze pale yellow, except that the 
latter have a black streak under either eye near the antenna, a 
smaller black spot beneath the middle of the eye and a black color- 
ation in the very narrow portion below the lore; entire length of 
the face fully one-fourth greater than the breadth. 

Pronotum light yellow, feebly striated posteriorly, length a lit- 
tle more than one-third of the width. Scutellum pale yellow. 
Elytra pale yellow without markings, reaching the middle of the 
third abdominal segment. Terguim yellow with a black spot mid- 
way on the sides of the first seement and indistinct transverse rows 
of brewn spots on the succeeding segments. Venter yellow, with 
the last segment, only, brownish in one example, and in another the 
middle of the hind margin is nearly black. The last ventral seg- 
ment is large, posterior angles somewhat acute and hind margin 
somewhat produced, and very similar to that of the preceding 
species. It is readily separated from labiata by the greater length of 
the face, the more produced vertex and the black spot at the tip of 
the latter. 


Described from two females, one taken by Emma A. Gillette at. 
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Laporte, Colorado, May 17th, and one taken by the writer at Fort 
Collins, Sept. 27th. Both obtained by sweeping native plants. 

It is not improbable that this species and the preceding may 
have to be taken out of the genus Deltocephalus. A study of long- 
winged forms, which probably exist, would help to settle the matter. 
The short elytra and greatly exserted ovipositors are strikingly sim- 
ilar to those parts in Deltocephalus argenteolus Uhl., and Athysanus 
curtipennis G. & B., but the conical shape of the vertex and the 
strongly produced clypeus isin contrast with those species and also 
with the species of the genus Doratura, J. Sablb. 


ATHYSANUS ORNATUS, n. sp. 


A shining black species with posterior portion of the pronotum 
and the elytra, except three transverse black lines, white. Length 
3m.m. Vertex very broadly rounded, the length a little less than 
the distance between the eyes and almost exactly equaling the length 
of the pronotum; color polished black. Face of the same color as 
the vertex, except that there are two spots on the base of the clypeus, 
one near the angle of each cheek, and about eight interrupted cross 
lines on the front that are ofa yellowish brown color. Front short and 
broad, rapidly narrowing to the clypeus; clypeus rounding at the 
base, parallel sided, truncate at the tip. Entire width of the face once 
and one-fifth the length. Pronotum shining black on anterior third, 
pale yellow on posterior two-thirds, and two and one-half times as 
wide as long. Scutellum black with the apex white. Elytra short, 
just covering the last segment of the tergum, the corium but little 
exceeding the clavus; in color glaucus white, with the extreme base, 
the tip, and a transverse band on the middle of each, shining black. 
Tergum deep shining black ; venter mostly yellow, the bases of the 
segments more or less black, the last segment entirely black and a 
little concave on the hind margin ; pygofers and ovipositor glossy 
black and short. Legs blue black with considerable yellowish 
brown coloration. 

Described from a single female,example taken by the writer at 
Fort Collins, May 28th, sweeping native plants. 

This is a very handsome species, and is readily recognized by the 
black head and white wing covers with the three tranverse black 
lines. 


lane 


LIST OF ORIGINAL TYPES OF SPECIES IN 
THE SUPERFAMILY JASSOIDEA 


Now in the Collections of The Colorado Agricultural 
College and Agricultural Experiment 
Station. 


CLARENCE P. GILLETTE. 


The list given below is for the information of students in ento- 
mology and also for the purpose of correcting a statement in regard 
to “true type specimens” made by Mr. C. F. Baker in an article 
headed “ Notes on the Genus Deltocephalus” and published in the 
current volume of “Psyche,” p. 114. 


I must also add that our missing types mentioned in that arti- 
cle, along with numerous other specimens that seem to have accom- 
panied them, were “removed” without permission of anyone in 
authority, from the cabinets of this institution, where they still be- 
long. Most of my own species, given below in the sub-family Typh- 
locybvne, are unpublished at this writing but the descriptions are all 
in type and will soon appear in a paper from the United States Na- 


tional Museum, entitled “ American Leaf-Hoppers of the Sub-family 
Typhlocybine.” 


Family BYTHOSCOPIDAE. 


Pediopsis erythrocephalus G. & B.—1 female. Idiocerus snowi G. & B.—1 male. 
Pediopsissordida VY. D.—2 females and1 male. Idiocerus rufus G. & B.—1 female. 
Idiocerus amcenus V. D —i female. Agallia cinerea 0. & B.—4 females and 4 males. 


Idiocerus perplexus G. & B,—2 females. Agallia gilletteiO. & B.—12 females and 5 males. 
Idiocerus productus G. & B.—1 male. 


ENTOMOLOGICAL SECTION. oil 


Family JASSIDAE. 


Acocephalus maculatus G. & B.—1 female. Dicraneura cruentata Gill —3 females and 2 
Deltocephalus auratus G. & B.—3 males. males. 
Deltocephalus bilineatus G. & B.—2 females. Dicraneura communis Gill.—2 females and 1 
Deltocephalus albidus O. & B.—2 femalesand2 male. 

males. Dicraneura kunzei Gill.—1 female and 2 males. 
Deltocephalus reflexus O. & B.—2 females and 2 Dicraneura unipuncta Gill.—1 female. 

males. Empoasca trifasciata Gill.—5 females and 2 
Deltocephalus pectinatus O. & B.—2femalesand males. 

2 males. Empoascea clypeata G. & B.—3 males. 
Deltocephalus abbreviatus O. & B.—2 females Empoasca nigra G. & B.—2 males. 

and 2 males. Empoasca pulchelle G. & B.—1 female. 
Deltocephalus compactus O. & B.—2femalesand Empoasca albolinea Gill.—7 females. 

2 males. Empoasca denticula Gill.—1 female. 
Deltocephalus sylvestris O. & B.—2 females and Empoasca unicolor Gill.-—18 females and 2 males. 

2 males. Empoasca atrolabes Gill.—20 females. 
Deltocephalus oculatus O. & B.—2 females and Empoasca pallida Gill.—2 females. 

2 males. Empoasca alboneura Gill.—12 female and 8 males. 
Deltocephalus minimus O. & B.—2 females and Empoasca aspersa G. & B. (tessellata Leth.)—4 

2 males. females and 2 males. 
Deltocephalus monticola G. & B.—1 female. Empoasca flavescens Fab., var. birdii Godg.—2 
Deltocephalus parvulus Gill.—12 females and3 females and 1 male. 

males. Empoasca robusta Gill.—2 females. 
Deltocephalus blanda Gill.—2 females. Empoasca nigroscuta G. & B.—2 females. 
Deltocephalus vanduzei G. & B.—1 male. Empoasca nigroscuta, var. typhlocyboids G. & B. 
Deltocephalus cookii Gill.—5 females and 5 —2 males. 

males. s Eupteryx flavoscuta Gill.—2 females. 
Deltocephalus nigrifrons Forbes—1 female. Eupteryx vanduzei Gill.—3 females. 
Deltocephalus bimaculatus G. & B.—2 males. Typhlocyba sanguinea G. & B.—1 female. 
Deltocephalns flavovirens G. & B.—i male. Typhlocyba hartii GiJl.—2 males. 
Deltocepnalus labiata Gill.—22 females and 14 Typhlocyba rubroscuta Gill —12 females and 4 

males. males. 
Deltocephalus atropuncta Gill.—2 females. Typhlocyba crevecceuri Gill.—8 females and 4 
Allygus coloradensis G. & B.—i male. males. 
Athysanus cartipennis G. & B —1 female. Typhlocyba obliqua, Say, var. dorsalis Gill.—2 
Athysanus artemisie G. & B.—1 female. females and 1 male. 
Athysanus relativus G. & B.—2 females. Typhlocyba obliqua, Say, var. nevus Gill.—1 fe- 
Athysanus dentatus O. & B.—2 females and 1 maleand1 male. 

male. Typhlocyba obliqua, Say, var. fumida Gill.—4 
Athysanus colon O. & B.—2 females and2males. females and 2 males. 
Athysanus punctatus O. & B.—2 females. Typhlocyba comes, Say, var. illinoiensis Gill.—8 
Athysanus ornatus Gill.—1 female. females and 4 males. 
Driotura robusta O. & B.—2 females and 1 male, Typhlocyba comes, Say, var. coloradensis Gill.— 
Entettix querci G. & B.—1 male and 1 female. 5 females aud 2 males. 
Eutettix clarivida V. D.—1 female. Typhlocyba comes, Say, var. maculata Gill.—3 
Phlepsius altus O. & B.—2 females and 2 males. females and 1 male. 
Thamnotettix caricis G. & B.—1 male. Typhlocyba comes, Say, var. scutelleris Gill.—2 
Thamnotettix sonore G. & B. -1 female. females. 
Neoccelidea tumidifrons G. & B.—2 males. Typhlocyba comes, Say, var. rubra Gill.—11 fe- 
Gnathodus confusus G. & B.—2 females. males and 1 male. 


Gnathodus manitou G. & B.—1 male. Typhlocyba comes, Say, var. infuscata Gill.—4 


Cicadula arcuata G. & B.—1 female andimale, femalesand1male. _ ; / 
Alebra fumida Gil].—1 male. Typhlocyba vulnerata, Fitch, var. niger Gill.—2 


Dicraneura cockerellii Gill.—3 females and 3 _ females and 4 males. 
males. Typhlocyba dentata Gill.—1 female. 
Typhlocyba flavomarginata G. & B.—1 female. 
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FURTHER NOTES 


ON 


THE BIRDS OF COLORADO. 


BY W. W. COOKE. 


On the publication in March, 1897, of Bulletin No. 37 of 
this Station, entitled ‘‘The Birds of Colorado,” the author te- 
ceived many letters containing additional notes. ‘These led to 
quite an extensive correspondence and in several cases the ex- 
amination or re-examination of large series of specimens. In 
addition the present writer has had a chance to personally ex- 
amine several small collections not before accessible to him. 

The results of this investigation are presented in the fol- 
lowing pages. Even with these additions it is practically 
certain that the Colorado list will yet receive many new species. 

All references are to the pages of the original edition to 
which this bulletin is to be considered as an appendix. On 
page 3, the total number of species and varieties known to occur 
in Colorado should be changed to 374, of which 236 are known 
to breed. 
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CLASSIFICATION OF COLORADO BIRDS. 


Changes to be made, including those already made in the 
Addenda on page 128. 


Page 8. 1. Residents: Add 


Phasianus torquatus. 


Page 10. 4. Species that have been taken in Colorado in 
winter, either as rare or accidental visitors. Add 


Somateria dresseri. 
Nyctala tengmalmi richardson. 
Acanthis linaria rostrata. 


Page tr. 2B. Species that breed on the plains, but only to the 
foot-hills of the mountains. Add 


Philohela minor. 

Phasianus torquatus. 
Phalzenoptilus nuttallii nitidus. 
Habia ludoviciana. 
Helminthophila peregrina. 
Harporhynchus bendirei. 


Page 12. D. Species that breed principally in the mountains. 
Add 


Empidonax hammondi. 


Page 13. £. Species that breed regularly only in Southern 
Colorado. Add 


Plegadis guarauna. 
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Page 13. 6. Species taken in the State during the summer, 
but not known to breed. Omit 


Plegadis guarauna. 

Philohela minor. 

Phalzenoptilus nuttallii nitidus. 
Add 


Tympanuchus americanus. 
Stellula calliope. 
Melospiza georgiana. 


Page 13. 7. Migrants. Add 


Urinator adamsii. 
Porzana jamaicensis. 
Piranga erythromelas. 
Dendroica palmarun. 


Omit 
Helminthophila peregrina. 
Harporhynchus bendirei. 


Page 14. 8. Stragglers or doubtful species. Add 


Urinator adamsil. 
Somateria dresseri. 
Porzana jamaicensis. 
Nyctala tengmalmi richardsoni. 
Bubo virginianus articus. 
Coccyzus americanus. 
Dryobates pubescens. 
Stellula calliope. 
Acanthis linaria rostrata. 
Melospiza georgiana. 
Piranga erythrommelas. 
Dendroica palmarum. 


Omit 
Harporhynchus bendirei. 


Page 15. 10. Rare or irregular visitants, from the east or 
southeast. Add 


Tympanuchus americanus. 
Melospiza georgiana. 
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Habia ludoviciana. 
Piranga erythromelas. 
Dendroica palmarum. 


Page 16. 12. Rare or irregular visitants from the west or 
southwest. Add 


Stellula calliope. 


Add the star (*) to denote breeding, to 
Plegadis guarauna. 


Page 16. SUMMARY. 

Total species in Colorados-es e202 2s. ee ee 374 

tiRésidents --~ 2 _ 2 Stee ee ere eee 
2. Regular winter visitants from the north-___--_- 24 
3. Regular breeders that sometimes occur in winter 17 
4.. Rare or accidental winter visttants. --=ee eee 25 
5. oumimerresitents: 2.5. ners ae ee 236 
A. Breeding on plains and in mountains-_-~-- IOI 
B. Breeding on plains, but not in mountains-_ 40 
C. Breeding in mountains, but not on plains__ 53 

D. Breeding principally in mountains, spar- 
ingly on’ plaitigsese eee eee 21 

KE. Breeding regularly only in southern Colo- 
radOs¢=2...1 27 Le ieee ee eee ali 
6. Summer visitants, not known to breed-_-------- I5 
Jomo aats ven se Ren YUE Te Wer rer Les ef. 60 
So strage@lers* 3 -__._u. a Ae eee 
g. Regular visitants from east and southeast._____ 14 
10. Rare visitants from east and southeast_________ 38 
11. Regular visitants from west and southwest-___-_ 20 


12. Rare visitants from west and southwest______._ 13 
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BIBLIOGRAPHY OF COLORADO ORNITHOLOGY. 


Page 25. Add. BrrruHoup, E. lL. Birds, their Geological 
History, Migration and Uses. By E. L. Berthoud, A. M., 
Member Phila. Academy and N. Y. Academy of Sciences. 
Transcript Print, Golden, Colo. [Issued in 1887. ] 


_ Short notes on twenty-four species of Colorado birds with reference to 
their distribution and migration. Includes the Wild Turkey and the Carolina 
Paroquet. 


'Page 27. Add. COCKERELL, T. D. A. The Food of Some 
Colorado Birds. Am. Nat. XXV. 1896, p. 329. 


Examinations of the stomach contents of eleven species, taken by W. P. 
Lowe in various places in southern Colorado. 


Page 27. Add. W. W. Cooke. The State Agricultural Col- 
lege, The Agricultural Experiment Station, Bulletin No. 
37, Technical Series No. 2, The Birds of Colorado. By 
W. W. Cooke. ‘Approved by the Station Council. Alston 
Ellis, Presideut. Fort Collins, Colorado, March, 1897. 
The Smith-Brooks Printing Company, Denver, fp. rz¢. 
[Date of distribution, March 14, 1897. | 


Contains an introduction on the general bird life of the State; Classifica- 
tion ; giving lists of the birds with reference to their distribution and breeding. 
Dates of migration; a comparison of migration in different parts of Colorado 
with dates of arrival of the same species at St. Louis. Bibliography of Colorado 
ornithology ; references to 182 books and articles. History of Colorado ornith- 
ology ; giving the authority, date and place of publication for the introduction 
of each species into the list of Colorado birds. Birds of Colorado; being a list 
with brief annotations of the 363 species known to occur in the State. 


CookE, W. W. ‘The Scarlet Ibis in Colorado. Auk, XIV. 
1897, p. 376. 


Note on the alleged occurrence of this species in the Arkansas Valley. 
The article is based on a mis-identification, the birds taken being really the 
White-faced Glossy Ibis. 


CooKE, W. W.  Bendire’s Thrasher in Colorado. Osfrey, J. 
1897, Pp. 7. 
Nests and eggs taken by Mr. N. R. Christie at Rouse Junction. 
Cooker, W. W. A New Bird for Colorado. Oregon Naturalist, 
LIV. 1897-8, p. 65. 
A specimen of the Calliope Hummingbird found at Colorado Springs, 
July 25, 1897. 
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Page 29. Add. Cours, Eriiorr. The Expeditions of Zeb- 
ulon Montgomery Pike, To Headwaters of the Mississippi 
River, Through Louisiana Territory and in New Spain, 
During the Years 1805-6-7. A New Edition ..... by 
Elliott Coues....In Three Volumes. Vol. Il. Arkan- 
sas Journey —Mexican Tour. New York, Francis P. 
Harper, 1895, Pp. 955: 


Contains the same bird notes as the original edition with the addition of 
a specific name to the description of the Carolina Paroquet. 


Page 30. Add. Editorial. The Republican, April 29, 1897. 
[Local newspaper, published at Rocky Ford, Colo. | 


Note of a Scarlet Ibis killed in that vicinity a few days before and 
mounted by Bert Beymer. [Specimen was really the White-faced Glossy Ibis. ] 


Editorial. Zhe Republican, June 3, 1897. 


Further notes on the capture of the birds mentioned in a previous issue 
with the same error of identification. 


EVERMANN, B. W. and Jenkins, O. P. Ornithology from a 
Railroad: Train. : “Ov O-OaXILL 1383 2 pp 905: 


Notes on twenty-one species of birds seen on a trip through the Arkansas. 
Valley and up the Las Animas River to Trinidad. 


Page 33. Add. INGRAHAM, D. P. Additional Records of the 
Flammulated Owl (Megascops flammeola) in Colorado. 
Auk, XIV. 1897, p. 403. 


Two sets of eggs taken in May, 1897, near Beulah. 


Page 34. Add. Morrison. C. F. The Tricolored Blackbird 
in Colorado.) °O).. CO. XVI AIS S7 a pwero 7 


Birds supposed to have been seen near Fort Lewis, February 3, 1887. 


Page 35. Add. Pike, Z. M. Exploratory Travels through 
the Western Territories of North America: comprising a 
Voyage from St. Louis, on the Mississippi, to the Source 
of that River, and a Journey through the Interior of 
Louisiana and the north-eastern Provinces of New Spain. 
Performed in the years 1805, 1806, 1807, by Order of the 
Government of the United States. By Zebulon Mont- 
gomery Pike, Major 6th Regt. United States Infantry. 
London: Paternoster Row. 1811. Denver: W. H. Law- 
rence & Co. 1880. 

This is a reprint of the second edition. The book lays no claim to scien- 


tific ornithology, but it is interesting as being the first book that makes specific 
references to Colorado birds. Five species are mentioned or described. 


Page 36. Add. RripGway, Ropert. A Monograph of the 
Genus Leucosticte, Swainson: or, Gray-crowned Purple 
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Finches. . Bull. Géol. and Geog, Surv. Ter: No: 2. 
Second Series. May 11, 1875. pp. 57-82. 


A full discussion of the three species and two varieties that inhabit the 
United States. Four of these forms are found in Colorado and three-fourths of 
the specimens that form the basis of the movograph came from Colorado. 


Page 38. Add. Spracur, U.[=W.] A. The Dwarf Thrush 
in Colorado, Aur, XITL. 1896, p. 85. 
One taken at Magnolia, October 6, 1895, and identified by Ridgway. 


154 BIRDS OF COLORADO. 


THE HISTORY OF COLORADO ORNITHOLOGY. 


Page 48. Add. 


1898. Cooke. Ovegon Naturalist, IV. 1897-8, p. 65. 
Stellula calliope taken at Colorado Springs and reported by C. 
Ee Aiken, 


1898. Cooke. Colorado Experiment Station Bulletin No. 
44. ‘The present publication contains the first records for Colo- 
rado of ten species as follows: Phaszanus torquatus and Melo- 
spiza georgiana by Aiken; Afabza ludoviciana by Mrs. Bacon; 
Porzana gamatcensts by Bruce; Piranga erythromelas by Cooke; 
Nyctala tengmalmi richardsont by Doertenbach; Uvrznator 
adamsu by Hardy; 7ympanuchus americanus by Robertson; 
Dendroica palmarun by H.G, Smith, and Acanthis linaria ros- 
trata by Sprague. 


Page 48. RECAPITULATION. Add. 


SOS a Wei COOKE. bara. 1.) oe a eee it 
1898. _ | W. W. Sooke) «oar ge nae 10 
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THE BIRDS OF COLORADO. 


Page 49. 1. &chmophorus occidentalis. WESTERN GREBE. 

In a collection of beautifully mounted birds at the High 
School building at Cheyenne, Wyo., is a fine specimen of this 
species, that was brought to Mr. F. Bond in the flesh and 
mounted by him, as were the other birds in this collection. 
Mr. Bond writes that years when he has been collecting he has 
seen a few in autunin on the lakes near Cheyenne. This record, 
taken in connection with that already published, would indi- 
cate that this species was quite regular in visiting the eastern 
slope of the range, though never common. 


Page 49. 2. Colymbus holbeellii. HoLBaLy’s GREBE. 

The same collection contains one of these birds, shot in the 
vicinity by Mr. Bond, who has also seen several others in 
autumn on the lakes. As Cheyenne is only just over the Colo- 
rado line, these records make it probable that this species will 
eventually be taken in Colorado east of the range. 


Page 49. 3. Colymbus auritus. HORNED GREBE. 


Mr. E. L. Berthoud writes that he has seen two specimens 
that were killed on the lakes northeast of Golden. 


Page 50. Add. 8. Urinator adamsii. YELLOW-BILLED Loon. 
Migratory; rare or accidental. In the collection of Mr. 
Manly Hardy, Brewer, Me., there is a young male of this spe- 
cies taken May 25, 1885, at Loveland, Colo., by W. G. Smith. 
Mr. Hardy writes that there can be no question whatever of the 
identity of the specimen. This is the first record for Colorado, 
and a very strange record, since the species inhabits Arctic 
America and is rarely found anywhere in the United States. 


Page 51. 60. Larus philadelphia. BONAPARTE’S GULL. 

To previous records add one taken November 15, 1895, at 
Pueblo by Mr. H. W. Nash; also one taken and several others 
seen by Mr. F. Bond at Cheyenne. 


Page 51. 62. Xema sabinii. SaBiner’s GULL. 

Near Golden in the early days of the settlement of that 
country Mr. E. L. Berthoud says that these gulls were not 
uncommon, but have disappeared of late years. - 
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Page 52. 120. Phalacrocorax dilophus. DOUBLE-CRESTED 

CORMORANT. 

In the summer of 1897, the Cormorant was found breeding 
by Prof. Knight, near Buffalo, Wyo. ‘This is quite a long dis- 
tance north of Colorado, but yet it increases the probability of 
the bird’s occurring as a breeder in this State. 


Page 53. 133. Anas obscura. BLack DUCK. 

A third specimen can now be recorded. According to Mr. 
H. G. Smith one was purchased by a local taxidermist in the 
Denver market December 12, 1894. It is presumed that the 
bird was shot in Colorado. 


Page 53. 135. Anas strepera. GADWALL. 


Found by Mr. C. E. Aiken as an abundant breeder at 
the San Luis Lakes. 


Page 55. 144. Aix sponsa. Woop Duck. 


A mounted specimen is now in the possession of Mr. E. J. 
Oslar of Denver, that was taken at Littleton about May 1, 1892. 


Page 57. Add. 160. Somateria dresseri. AMERICAN EIDER. 

One was taken by W. G. Smith at Loveland sometime 
previous to 1892. Prof. Wm. Osburn writes that he saw the 
specimen in Mr. Smith’s collection. 

There is a mounted bird of this species at the rooms of the 
Society of Natural History in Denver. ‘There is no record 
accompanying it, but it was presumably taken in Colorado 
nearly twenty years ago. 


Page 58. 172. Branta canadensis. CANADA GOOSE. 


During the summer of 1897, this species was noted by the 
present writer as nesting five miles west of NiWot at about 


5,500 feet. This is several thousand feet lower than previous 
records. 


Page 60. [185.] Guara rubra. Scar.Ler IBIs. 


In the third line, the word ‘“Texas’’ should be New Mex- 
ico, the reference being to the record of Dr. Coues at Albuquer- 
que. The birds reported by Mr. Beymer in the Rocky Ford 
Republican and by the present writer on his authority in the Auk 
were really the White-faced Glossy Ibis (Plegadis guarauna). 


Page 60. 187. Plegadis guarauna. WurrsE-Fracep Grossy IBIS. 
Summer resident; rare. The number of known occurences 
is now double what is was a year ago. As stated above the 
birds seen at Rocky Ford were really this species instead of the 
Scarlet Ibis. A flock of six were seen there on the Arkansas 
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River, April 23, 1897, and three of them were secured and 
have been mounted by Mr. Beymer. A young female, presum- 
ably of this species, was taken September 10, 1897, twenty 
miles east of Pueblo on the Arkansas and reported by W. F. 
Doertenback of Pueblo. It was not young enough to prove that 
it had been raised in the vicinity. 

In September, 1872, Mr. C. E. Aiken saw one on the South 
Platte River in South Park at nearly 7,000 feet altitude. On 
July 1, 1875, Mr. Aiken found this species breeding at the San 
Luis Lakes at about 7,500 feet altitude, so that it stands at pres- 

~ent in the Colorado list as a summer resident. 

The known northern range of this species is much extended 
by the following record. In the spring of 1893, Mr. R. A. Wal- 
len shot one at Red Bank, Wyo., about two hundred miles 
north of Laramie City. 


Page 61. 191. Ardetta exilis. Least BITTERN. 

About August 5, 1897, Mr. W. A. Sprague of Boulder, 
saw a Least Bittern on a branch of the Grand River in Middle 
Park eight miles from Buchanan Pass. ‘This is the first and 
only record for Colorado west of the range. Mr. H. G. Smith 
has one record of this species for the vicinity of Denver. 


Page 61. 194. Ardea herodias. GREAT BLUE HERON. 

A very late migrant and also at a much higher altitude 
than the former records is the one reported by Mr. C. E. Aiken 
at over 9,000 feet on the divide between Colorado Springs and 
South Park, November 27, 1897. 


Page 61. 197. Ardea candidissima. SNowy HERON. 

This is probably not so rare a bird as was formerly believed. 
In addition to the seven records already noted, three specimens 
of this species were mounted by Mr. W. F. Doertenbach of 
Pueblo, during the past eight years; he also saw one on the 
Arkansas near Pueblo, May 9, 1897, and two young birds were 
sent him October 4, 1897, that were taken within six miles of 
Pueblo. 

Mr. C. E. Aiken adds five more records, two near Leadville, 
in 1886, one near Denver and two from Pueblo. The Leadville 
specimens at about 10,000 feet are several thousand feet higher 
than previous records. 


Page 61. 198. Ardea rufescens. REDDISH EGRET. 


A second record for Colorado comes from Mr. E. L. Berth- 
oud, who shot one near Golden eight years ago. 
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Page 63. 212. Rallus virginianus. VIRGINIA RAIL. 
Mr. C. KE. Aiken took the nest mentioned near Fountain, 
El Paso County. 


Page 63. Add. 216. Porzana jamaicensis. BLACK RAIL. 
Migratory; rare. Mr. David Bruce of Brockport, N. Y., 
who has done a large amount of collecting in Colorado, writes 
that he has one that he shot in May several years ago at a pond 
near Denver. He thinks he has seen similar birds several 
times, but this is the only one he has secured. The Black Rail 
is a southern species coming north regularly almost to Colorado. 


Page 63. 219. Gallinula galeata. FLORIDA GALLINULE. 


A second record is added by Mr. E. L. Berthoud, who saw 
one in 1883 at Lathrop’s Lake, twelve miles from Golden. 


Page 63. [222. Crymophilus fulicarius. RED PHALAROPE. 


According to the distribution of this species as given in the A. O. U. 
Check List, it should be found in Colorado, but no specimen has yet been re- 
ported. There is one in the collection of the Wyoming State University at 
Laramie City, that was taken September 14, 1897, at Seven Mile Lakes, Albany 
County, not far from the Colorado line. ] 


Page 64. 228. Philohela minor. AMERICAN WOODCOCK. 


The classification can now be changed to—sumnier resi- 
dent; rare. On July 3, 1897, Mr. Harry Horner of Timnath, 
found near his home a pair of Woodcock and three young. One 
of the young was caught. They could not have been more 
than a week old. In addition to the records already published, 
Mr. E. L. Berthoud writes that he has seen them occasionally 
in Jefferson and Park Counties, while once he saw them on the 
Arkansas. 


Page 64. 230. Gallinago delicata. WHILSON’s SNIPE. 

Seen twice in the summer of 1897 in Middle Park at about 
9,000 feet by Mr. W. A. Sprague of Boulder. Mr. C. E. Aiken 
found them breeding July 1, 1875, at the San Luis Lakes at an 
altitude of 7,500 feet. On January 16, 1898, Mr. Aiken saw five 
of these birds near Colorado Springs, and the same day two 
men shot fifteen along the banks of the Fountain Creek. 


Page 65. 240. Tringa fuscicollis. WuHrirE-RUMPED SAND- 
PIPER. 
To previous records add one taken by Mr. Aiken at Colo- 
rado Springs and identified by Mr. Ridgway. 
Page 66. 248. Calidris arenaria. SANDERLING. 


One was taken October 1, 1897, by Mr. H. W. Nash near 
Pueblo. Mr. C. EK. Aiken writes that he has known of several 
taken near Colorado Springs. 


Ee 


BIRDS OF COLORADO. 159 


Page 70. 300b. Bonasa umbellus umbelloides. Gray 
RUFFED GROUSE. 


One was shot about eighteen miles south of Denver the 
latter part of December, 1894. It was with several others and 
they were seen on several occasions. Mr. L. D. Gilmore reports 
seeing five January 3, 1898, and more on the following week 
near Sweet Water Lake in Eagle County at 8,000 feet. ‘An old 
hunter there told him that they are never seen in summer, but 
come in the winter and are sometimes quite common. 


Page 71. Add. 305. Tympanuchus americanus. PRAIRIE 
HEN. 


Summer visitant; rare and local. There have been many 
reports of true “Prairie Chickens” in Colorado, but all reported 
previous to 1897 have proved on investigation to be Sharp-tailed 
Grouse. During last October the present writer saw some 
Prairie Chickens at Ogallala, Neb., some twenty-five miles east 
of the Colorado line. Diligent inquiry has revealed the fact 
that they are quite common a little east of Ogallala and decrease 
suddenly to the westward. More than half of those questioned 
had never seen one west of that place. They do, however, 
extend occasionally into Colorado, for Mr. J. S. Robertson of 
Barton, has seen them twice at his place, which is about two 
miles within the Colorado line. Though this species has for 
years been moving westward, its further extension will be slow 
and probably not for any great distance. From Ogallala west- 
ward for the next hundred and fifty miles the native country is 
entirely unsuited to their wants, and the only grain fields occur 
as isolated patches of small extent under the ditches near the 
South Platte River. There is little to induce the birds to enter 
this country, and any that did migrate there would soon be ex- 
terminated by hunters and coyotes. 


Page 71. 308b. Pedioceztes phasianellus campestris. 

PRAIRIE SHARP-TAILED GROUSE. 

Reports from two hunting parties that visited northwestern 
Colorado during the fall of ‘1897 indicate that in some of the 
wilder regions these birds are still not uncommon. The only 
specimen ‘that was brought back was typical campestris. 


Page 71. Add. 000. Phasianus torquatus. RING PHEASANT. 

Resident; not common and local. This is the commonly 
called Mongolian Pheasant that has been introduced south of 
Denver. Mr. Aiken also saw one in the fall of 1897 near Colo- 
rado Springs, though this may have been a bird escaped from 
captivity. 
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Page 72. 312. Columba fasciata. BAND-TAILED PIGEON. 

Quite common and breeds in the mountains near Glenwood 
Springs, showing that its regular extension west of the range 1s 
rather further to the north than on the eastern slope. 


Page 73. 319. Melopelia leucoptera. WHITE-WINGED DOVE. 

Under a late date, Mr. E. L. Berthoud writes concerning 
his record of this species, ‘‘Besides the record of 1869, when we 
shot one or two, I have seen two small flocks since. There was 
no mistaking this bird.” 


Page 73. 327. Elanoides forficatus. SWALLOW-TAILED KITE. 

In August, 1877, two were brought in the flesh to Mr. C. E. 
Aiken, one had been shot at Colorado Springs and the other at 
Manitou Park. One was also shot in August, 1883. These 
were probably all wanderers that had nested outside of Colorado. 


Page 73. 329. Ictinia mississippiensis. MuIssissrppr KITE. 
Mr. C. E. Aiken has seen one near Colorado Springs. 


Page 76. 356. Falco peregrinus anatum: Duck Hawk. 
According to Mr. C. E. Aiken a pair nested for five con- 


secutive years in the Garden of the Gods. He secured one of 
the old birds in 1885. 


Page 77. 364. Pandion haliaetus carolinensis. AMERICAN 
OSPREY. 
They are very common spring and summer at Sweet Water 


Lake in the mountains east of Glenwood Springs at 8,000 feet, 
writes Mr. L. D. Gilmore. 


Page 77. 365. Strix pratincola. AMERICAN BARN OWL. 

Three more records near Pueblo are added by Mr. W. F 
Doertenbach—a fine male killed and mounted by him August 
12, 1897, one other in 1889 and a third in 18or. 


Pavee77, = eeNdd: 371. Nyctala tengmalmi richardsoni. 

RICHARDSON’S OWL. 

Winter visitant; rare. The only certain record for Colo- 
rado is the male taken by Mr. H. C. Lee Meyer at Crested 
Butte, October 14, 1896. Through the courtesy of Mr. W. F. 
Doertenbach of Pueblo, the present writer had the pleasure a 
few days ago of examining this specimen and there can be no 
question of the identification. 


Page 78. 373e. Megascops asio maxwelliz. Rocky MountT- 
AIN SCREECH OWL. 


_ Mr. Aiken writes that this form occurs at Colorado Springs. 
in winter, but not in summer. 
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Page 78. 373g. Megascops asio aikeni. AIKEN’S SCREECH 
OWL. 
According to Mr. Aiken, none of these Owls are found at 
Colorado Springs in the winter, indicating that this and the 
preceding species perform a slight migration. 


Page 78. 374. Megascops flammeola. FLAMMULATED 
SCREECH OWL. 


The seventh, eighth and ninth specimens taken in the 
United States outside of Colorado are noted by Mr. Manly 
Hardy, Brewer, Me., who writes: “I have an adult female and 
a fully grown young Flammulated Screech Owl taken in 1883 
at Santa Fé, New Mexico, by Chas. H. Marsh. Also an adult 
male taken in the Huachuca Mountains of Arizona by a Mr. 
Lusk, August 24, 1895.”’ 

The twelfth and thirteenth specimens for Colorado are re- 
corded by Capt. D. B. Ingraham, who took a set of two fresh 
eggs at Beulah, May 27, 1897, and on May 29 a set of three 
eggs slightly incubated. The females were secured in both 
cases and identified by Prof. Allen. (Auk, XIV. 1897, p. 403). 
A female Flammulated Owl was shot by Mr. W. A. Sprague 
near Boulder, September 22, 1897. The skin was sent to the 
present writer for identification. This makes the fourteenth 
specimen for Colorado and the twenty-third for the United 
States. There are six known cases of breeding, all in Colorado. 


Page 79. 375a. Bubo virginianus pallescens. WESTERN 

HORNED OWL. 

This is the present recognized name for this variety instead 
of subarcticus (Stone., Am. Nat. XX XI. 1897, p. 236). To set- 
tle the exact name of the common Horned Owl of Colorado, 
Mr. C. E. Aiken lately sent eight specimens to the Smithsonian 
Institution. "They embraced dark and paler examples from 
both the plains and mountain. They were pronounced by Mr. 
Ridgway as all of them pa/lescens, saying, ‘‘some of them are 
darker than the normal average style and incline toward satur- 
atus, in fact they may be fairly considered intermediate between 
the two, though still nearer pa//escens than saturatus.” 


Page 80. 376. Nyctea nyctea. SNowy OWL. 


Two specimens shot near Colorado Springs and reported by 
Mr. Aiken represent about the extreme southern range of the 
species in Colorado. 


Page 81. 379. Glaucidium gnoma. PyGmy OWL. 


Mr. Aiken adds three records to those previously published; 
one on the plains at Pueblo November 1, 1871; one in the win- 


b 
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ter of 1877-8 on Cheyenne Mountain, and one breeding in 1884 
at Utes Pass. 


Page 81. 382. Conurus carolinensis. CAROLINA PAROQUET. 


The record of this species made by Pike in 1807 on the 
Arkansas River (1895 Edition by Dr. Coues, Vol. II. p. 474) is 
the earliest allusion to this species in Colorado, but as Pike does 
not mention it by name, only describes it, its proper place in 
the Colorado list is that already given it (p. 45) as introduced 
by Dr. Cones in (1877. 


Page 83. 396. Dryobates scalaris bairdi. TEXAN Woop- 
PECKER. 


In the summer of 1897 Mr. W. P. Lowe saw a pair in com- 
pany with young and feels sure that they were reared in St. 
Charles Cafion, Pueblo County. He saw a pair of old birds at 
the same place in 1896. 


Page 84. 408. Melanerpes torquatus. LEwIS’s WOODPECKER. 


Fresh eggs have been found by Mr. N. R. Christie at 
Rouse Junction, in southern Colorado, as early as the middle 
of May. 


Page 85. 412. Colaptes auratus. FLICKER. 


Noted by Evermann and Jenkins in the Arkansas Valley 
in Colorado. (O. @ O., X//I. 1888; . 66:) 


Page 85. 413. Colaptes cafer. RED-SHAFTED FLICKER. 


Some early egys were found by Mr. W. A. Sprague at 
Magnolia, altitude 7,500 feet, on May 17, 1896, and May 20, 1897. 


Page 85. 418a. Phalzenoptilus nuttallii nitidus. FRosrep 
POOR-WILL. 


Two specimens taken by Mr. Aiken at Colorado Springs 
have been identified as belonging to this variety and thus ex- 
tending its range to the eastern foothills. 


Page 86. No. 455 is a mispriut for No. 425. 


Page 86. 433. Selasphorus rufus. Rurous HUMMINGBIRD. 

To the records east of the range add one taken about the 
middle of July, 1897, by Mr. Aiken, at Ramah, on the Divide 
south of Denver, at about 8,000 feet. ‘The known northward 
range of this species has been greatly extended by the capture 


of a specimen July 24, 1897, in Carbon County, Wyo., a hun- 
dred and fifty miles northwest of Laramie City. 


BIRDS OF COLORADO. 163 


Page 87. Add. 436. Stellula calliope. CariiopkE Hum- 
MINGBIRD. 
Summer visitant; rare or accidental. An adult male was 
found dead July 25, 1897, in Cheyenne Cafion, near Colorado 
Springs. The skin is now in the collection of Mr. C. E. Aiken. 


Page 87. 447. Tyrannus verticalis. ARKANSAS KINGBIRD. 


448. Tyrannus vociferans. CASSIN’s KINGBIRD. 

During a collecting trip on the Divide south of Denver, in 

1897, Mr. Aiken took careful notes of the relative abundance 

of these two species in the breeding season, at Ramah, altitude 

8,000 feet. In quite a small area he found about a hundred and 

fifty pairs of the Arkansas Kingbird and only about twenty-five 
pairs of Cassin’s. 


Page 89. 474a. Otocoris alpestris leucolama. PALLIp 
HORNED LARK. 
The determinations of Mr. Ridgway, mentioned below, 
make it probable that most of the winter birds of northern Col- 
orado should be referred to avezzcola instead of leucolema. 


Page 89. 474c. Otocoris alpestris arenicola. DESERT 
HORNED LARK. 
A series of ten Horned Larks from Colorado were sent by 
Mr. Aiken to Washington. They embraced winter and sum- 
mer specimens selected from a large number to show all phases 
of plumage, some even having the throat white without trace 
of yellow. ‘They are all referred by Mr. Ridgway to arenzcola. 


Pagegt. 487. Corvus cryptoleucus. WHITE-NECKED RAVEN. 


A nest with eggs was found by Mr. Aiken in May, 1878, 
on Horse Creek, seventy-five miles east of Colorado Springs. 


Page 92. 491. Nucifraga columbiana. CLARKE’sS NUT- 


CRACKER. 
The first sentence should read: ‘The first eggs known to 


science from Colorado, etc.’? Maj. Bendire had previously 
taken the nest and eggs in Oregon. 


Page 93. 494. Dolichonyx oryzivorus. BOBOLINK. 

Several more records can be added to the five previously 
known. Mr. H. G. Smith saw a male in a garden in the city 
of Denver in June several years ago. Mr. C. E. Aiken took 
one in fall plumage at Colorado Springs September 5, 1897. 
There is a mounted bird at Cheyenne taken by Mr. F. Bond, 
who writes: ‘The Bobolink is not uncommon with us. I 
have taken them yearly for some years; sometimes within the 
city limits.’’ 
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Page 94. 506. lIeterus spurius. ORCHARD ORIOLE. 


Three were seen by Mr. Aiken in Beaver Creek Valley, 
Fremont County, in May, 1875. 


Page 95. 507. Ieterus galbula. BALTIMORE ORIOLE. 


Mr. E. L. Berthoud writes that he has seen the Baltimore 
Oriole occasionally at Golden. 


Page 95. 514a. Coccothraustes vespertinus montanus. 
WESTERN EVENING GROSBEAK. 


Five of these birds were seen by Mr. P. L. Jones at Beulah, 
August 3, 1897.. They remained in that vicinity for over two 
weeks, being seen almost every day. As Mr. Jones has also. 
seen them late in May, it is almost certain that they breed in 
Colorado. 


Page 97. 524. Leucosticte tephrocotis. GRAY-CROWNED- 
LEUCOSTICTE. 


According to Mr. Aiken this species is somewhat irregular 
in its appearance at Colorado Springs, but winters almost every 
year in considerable numbers and some years becomes abund- 
ant. A male and a female were taken by Mr. W. A. Sprague 
on November 27, 1895, at Magnolia at 7,500 feet. 


Page 98. 525. Leucosticte atrata. BLack LEUCOSTICTE. 


A few days ago the present writer had the pleasure of ex- 
amining Mr. C. EK. Aiken’s large collection of the Leucostzcte. 
Mr. Aiken probably has more specimens of adrata than all 
other collections together. They have been taken near Colo- 
rado Springs during the winter season and as late as April 4. 
They have been taken during the winters 1875, 1876, 1877, 
1879 and 1883. During the fall of 1894 Mr. Aiken saw them. 
in the Uintah Mountains in Utah near where Dr. F. V. Hayden 
took his specimen in 1870. 


This Hayden specimen has been given the credit of being 
the first known to science (Ridgway, Bull. Geol. and Geog. 
Surv. Ter. Second Series No. 2, p. 53). Mr. Aiken however 
calls attention to the fact that there is an earlier specimen. 
He says: ‘It was shot in March, 1870, at Sherman, Wyo., 
[just over the Colorado line] by J. Denchman and sent by ex- 
press to Mr. Holden in Chicago, together with about sixty 
specimens of Z. ¢ephrocotts—all in the flesh. Mr. Holden and 
myself examined this specimen carefully on the arrival of the 
shipment and as it was apparently an immature bird, we con- 
cluded that it was the young of ¢ephrocotis, though the proba- 
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bility of its being an example of melanism was entertained. 
I think this specimen is still in Mr. Holden’s collection. On 
securing my four specimens at Cafion City in April, 1874, I 
knew they were identical with the Holden bird and was confi- 
dent that they represented an undescribed race.’’ Mr. Holden 
has recorded this specimen as follows: ‘In one specimen, a 
young male, I think, the plumage is almost black, in fact it is 
black, except the wings and after half of the body. It is an 
interesting specimen.” (Holden and Aiken, Proc. Bost. Soc. 
Nat. Hist., XV. 1872, p. 200.) 

This specimen was not taken in Colorado and the first 
specimen for this State is the one already accredited to Mr. 
Aiken in 1874. 


Page 98. Add. 528b. Acanthis linaria rostrata. GREATER 

REDPOLL. 

Winter visitant rare or accidental. There is only one Colo- 
rado record for this northern species. Mr. W. A. Sprague shot 
one December 9, 1895, near Magnolia, at an altitude of 7,500 
feet. Of this specimen, Mr. Ridgway says that it is not typical 
but near enough to be called this variety. 


Page 99. Passer domesticus. EUROPEAN HOUSE SPARROW. 
A wonderful increase has taken place with these birds dur- 
ing the last twelve months. They reached Fort Collins in the 
fall of 1896. So that now they occur along the eastern base of 
the foothills for nearly two hundred miles. Mr. EK. L. Berthoud 
notes a short visit from them a few years ago at Golden, well 
up in the foothills, but they did not remain and none have since 
been seen. 


Page 100. 534. Plectrophenax nivalis. SNOWFLAKE. 

A pair were shot by Mr. Aiken at Colorado Springs the 
winter of 1877-8. This is the most southern record for Colo- 
rado. 


Page 101. 542b. Ammodramus sandwichensis alaudinus. 

WESTERN SAVANNA SPARROW. 

The question having been raised as to whether all of the 
Savanna Sparrows of Colorado belong to the western race, a 
large series was submitted by Mr. Aiken to the Smithsonian. 
They were all pronounced alaudinus. Another series sent by 
the present writer to Prof. Allen received the same identifica- 
tion. Nevertheless Mr. Aiken is quite sure that in the field he 
can see a. difference between the breeding birds and the mi- 
grants. ‘The latter is the larger and moves earlier, arriving at 
Colorado Springs the last of July to the first of August and 
leaves the first of October. 
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Page ror. 546a. Ammodramus savannarum perpallidus. 
WESTERN GRASSHOPPER SPARROW. 
A large series of this Sparrow submitted to Prof. Allen and 
Mr. Ridgway are all considered as true perpallidus. 


Page 103. 558. Zonotrichia albicollis. WHITE-THROATED 
SPARROW. 
One taken by Mr. H. W. Nash at Pueblo, October 18, 1893. 
This is the third record for Colorado. 


Page 103. 560. Spizella socialis. CHIPPING SPARROW. 

The more the Chipping Sparrows of Colorado are investi- 
gated the more evident it becomes that the eastern form is far 
less common in the State than had formerly been supposed. 
There is need of much more work in the matter on the plains 
of eastern Colorado, before the distribution of the two varieties 
can be determined. 


Page 104. 566. Junco aikeni. WHITE-WINGED JUNCO. 

In the fifth line the ‘‘5th of October” was a misprint in the 
original article for the “5th of November.” Mr. Aiken writes 
that the earliest he has seen the birds at Colorado Springs is 
October 26, 1897. 


Page 105. 569. Jumco caniceps. GRAY-HEADED JUNCO. 
At Magnolia, Boulder County, at 7,500 feet, Mr. W. A. 
Sprague found eggs May 25, 1896, and young birds a week old 
May 29, 1897. On July 6, 1897, he also found young birds 
newly hatched showing that two broods are reared in northern 
Colorado. Mr. Aiken thinks that these Juncos winter in the 
mountains as far north as Colorado Springs, coming to the 


plains during storms and returning to the mountains as soon as 
the weather moderates. 


Page 106. 574a. Amphispiza belli nevadensis. SAGE SpaAR- 
ROW. 


The known northeastern extension of this species has been 
largely increased by a specimen taken just over the Colorado 
line in Wyoming, near Cheyenne, by Mr. F. Bond. The speci- 
men is now mounted in his collection. This is apparently the 
first record east of the Front Range. 


Page 107. Add. 584. Melospiza georgiana. Swamp Spar- 
ROW. 
Summer visitant; rare or accidental. Only one instance 
known, seen by Mr. Aiken, at Colorado Springs, the latter part 


of August, 1897. Regularly comes west only to the plains, but 
has been once taken in Utah. 
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Page 107. 585c. Passerella iliaca schistacea. SLaTE- 

COLORED SPARROW. 

An adult male was taken in July, 1889, at Florissant, by 
Dr. J. L. Goodale, now of Boston, Mass The specimen is still 
in his collection, but its capture has not before been recorded. 
Mr. David Bruce of Brockport, N. Y., took one on the Grand 
River, near Glenwood Springs, during June, 1897. The bird 
was seen several times and was evidently breeding. 

The above records are the only unquestionable ones that 
this species has for Colorado. They confirm the previously 
accepted belief that the bird is a summer resident in Colorado. 


Page 108. 593. Cardinalis cardinalis. CARDINAL. 


A second record for Colorado is that of Mr. H. W. Nash 
who saw one at Pueblo about November 28, 1895. 


Page 108. Add. 595. Habia ludoviciana. ROSE-BREASTED: 

GROSBEAK. | 

Summer resident; rare, if not accidental. It is with some 
hesitation that the present species is given a place in the Colo- 
rado list and yet after most careful investigation there seems 
scant possibility of error. In the summer of 1894 a pair nested 
near the house of Mrs. J. W. Bacon, Longmont. The male was 
several times seen at a distance of less than twenty-five feet and 
the rose color distinctly noted. Later the same bird was seen 
on the lawn feeding the newly fledged young. One of the lat- 
ter was caught. 


Page 109. 597a. Guiraca cerulea eurhyncha. WESTERN 

BLUE GROSBEAK. 

Not an uncommon bird as far north as Pueblo and breeds 
in the foothills as far up as Beulah where Mr. P. L. Jones took 
four nests in 1897. Farther north at Colorado Springs it still 
occurs regularly though not common. North of there, the only 
record is that of one taken by Mr. H. G. Smith east of Mor- 
rison. 

Page 109. 604. Spiza americana. DICKCISSEL. 

One taken by Mr. C. E. Aiken at Colorado Springs August 
29, 1897. 

Page 110. 607. Piranga ludoviciana. LoOuIsIANA TANAGER. 

There are no records of this bird breeding in Colorado be- 
low 6,000 feet, but in northeastern Wyoming at Sundance, Prof. 
Knight found it in 1897 breeding at 4,500 feet. 

Page 110. 608. Piranga erythromelas. SCARLET TANAGER. 


Migratory; rare. ‘The brackets can now be removed from 
this species and it be entered as a Colorado bird. A few weeks 
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ago the present writer saw at Glenwood Springs two mounted 
males that were taken near Newcastle the spring of 1892. Mr. 
E. L. Berthoud writes that he took one on Bear Creek near 
Golden in 1867 and also saw one in the Del Norte Valley, in 
September, 1883. [hat it should appear at the edge of the 
the plains is not wonderful, but the two records west of the 
range were entirely unexpected. 


Page 112. 624. Vireo olivaceus. RED-EYED VIREO. 
To previous records add one seen by H. G. Smith at Den- 
ver May 22, 1892. 


Page 112. 629a. Vireo solitarius cassinii. CASSIN’S VIREO. 


One was taken by Mr. W. F. Doertenbach, near Pueblo, 
September 6, 1897. ‘Iwo were seen and one secured. 


Page 113. Add. [645a. Helminthophila ruficapilla gutturalis. CALAVERAS 
WARBLER. 


One adult and one young-of-the-year were taken on Teepee Creek, Car- 
bon County, Wyo., July 19, 1897, and one young-of-the-vear near Reed’s Ranch, 
Albany County, Wyo., August 3, 1897. These specimens are now in the 
museum of the State University at Laramie City. All of these birds were taken 
near the Colorado line, making it practically certain that this species will yet 
be found in western Colorado. It is certain that these birds are ruficapilla of 
either the eastern or western form, but the above reference to the western form 
is given merely on geographical grounds. When the present writer examined 
the specimens he had no means of determining the exact variety. ] 


Page 113. 647. Helminthophila peregrina. TENNESSEE 
WARBLER. 


Summer resident; rare. This species is brought among 
the breeders of Colorado on the strength of two nests found by 
Mr. C. E. Aiken, one in Colorado Springs and one near there. 
Mr. F. Bond writes that he has seen these birds several times 
at Cheyenne during migration. 


Page 115. 657. Dendroica maculosa. MAGNOLIA WARB- 
LER. 


One taken by Mr. H. G. Smith, near Denver, May 17, 
1888. 


Page 116. 665. Dendroica nigrescens. BLACK—THROATED 
GRAY WARBLER. 


According to Mr. Aiken this Warbler is not an uncommon 
breeder in the pifion hills north and east of Cafion City. It 
arrives early in May. 


Page 116. Add. 672. Dendroica palmarum. Pam War- 
BLER. 


Migratory; rare or accidental. One was seen by Mr. H. 
G. Smith in Denver, June 20, 1891. The specimen was not 
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secured, but was seen so close at hand and so carefully identi- 

fied that there is undoubtedly no mistake in the matter. ‘This 

is an eastern species and comes regularly so near to Colorado 

ae it is strange there are no more records of its occurrence 
ere: 


Page 116. 675a. Seiurus noveboracensis notabilis. Grin- 

NELL’S WATER-THRUSH. 

Several seen by Mr. C. E. Aiken at Cafion City in May, 
1573. 

Page 118. 7o1. Cinclus mexicanus. AMERICAN DIPPER. 

The Dipper nested in 1897 at Coburn’s mill west of Boul- 
der at 7,000 feet, according to Mr. W. A. Sprague, and probably 
on Middle Boulder Creek as low as 6,500 feet. 

Up to December 15, 1897, Mr. L. D. Gilmore saw one fre- 
quently on the headwaters of Clear Creek at 10,500 feet. On 
October 3, 1897, he saw one just above timber line near Ber- 
thoud’s Pass at 11,500 feet. 


Page 120. 708.  Harporhynchus bendirei. BENDIRE’S. 

THRASHER. 

Summer resident; rare and local. Mr. N. R. Christie 
writes that it breeds at Rouse Junction, in south central Colo- 
tado, at 6,000 feet. On June 6, 1896, he found two sets of three 
eggs each; June 2, a set of two eggs almost hatched; June 13, 
nest and four young. In 1897 one pair was noticed in May 
but no nests found. 


Page 120. 719b. Thryothorus bewickii leucogaster. 
BAIRD’S WREN. 
These Wrens are found by Mr. Christie as not uncommon 
at Rouse Junction, nesting about the first of June. Mr. Aiken 
shot one at Colorado Springs, May 1, 1879. 


Page 122. 7334.  Parus inornatus griseus. Gray TiIr- 
MOUSE. 
Found by Mr. Aiken as a common winter resident in the 
foothills, northeast of Cafion City, where a few remain to breed. 


Page 124. 751. Polioptila caerulea. BLUE-GRAY GNAT- 
CATCHER. 
Mr. H. G. Smith has seen one at Denver. 


Page 124. 754. Myadestes townsendii. TOWNSEND’s SOLI- 
TAIRE. 
A nest with four eggs heavily incubated was taken by the 
‘present writer July 25, 1897, in Estes Park at 8,500 feet. 
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Page 125. 759. Turdus aonalaschke. DWARF HERMIT 
THRUSH. 
One was taken by Mr. W. A. Sprague at Magnolia, altitude 
7,500 feet, October 6, 1895. 


Page 126. 766. Sialia sialis. BLUEBIRD. 
Mr. H. W. Nash took one at Pueblo April 5, 1883. 
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bottom temperatures.................. 


§1. This bulletin was intended to give the results of a se- 
ries of observations made to determine the loss from seepage on res- 
ervoirs near Fort Collins, during the winters of 1895-6 and 1896-7, 
and to give such of the related observations on evaporation as were 
necessary to throw light on the measurements from the lakes. As 
the losses from seepage were less than expected, the losses from 


4 COLORADO EXPERIMENT STATION. 


evaporation were correspondingly more important. Without in- 
tending, or desiring, in this place, to enter upon a discussion of the 
mass of evaporation observations, this fact has led to a fuller state- 
ment of the observations of evaporation than were at first thought 
necessary or desirable. 


$2. The loss from the lakes may be due to evaporation from 
the water surface, and seepage or filtration through the dam and 
bottom of the reservoir. The leakage through imperfectly fitting 
gates can be prevented or remedied by better construction. Gain 
may come from rainfall on the lake, the drainage from the water 
shed tributary to the lake and the seepage from irrigated lands 
above the lakes. The aggregate of these gains and losses is desired 
by the companies as much, or more, than a knowledge of each, but 
the aggregate can best be told when a knowlege of the amount of 
loss or gain from each cause is determined. The losses from seep- 
age in many cases deserve most attention, as they may vary between 
wide limits, and to some extent are preventible. The amount of 
loss from evaporation may be estimated with considerable certainty. 
The loss from seepage is more uncertain, as it must vary with the 
conditions of each basin, and the amount is peculiar to that. particu- 
lar site. Its determination is surrounded with difficulty, and re- 
quires accessory investigations, so that attempts to determine the 
loss by seepage from reservoirs seem not to have been made, or if 
so, I have been unable to find any records of the attempt or of the 
results. But while evaporation depends upon various circumstances 
some of which can be controlled, the amount of evaporation cannot 
be materially modified at any practicable cost. 


3. Generally the scarcity of sites for reservoirs makes the 
selection depend on their availability, nevertheless the possibility 
of an undue loss from seepage needs to be borne in mind in making 
the selection. In most of the sites found in Colorado, the strata 
form a natural basin from which the loss by seepage is small. There 
are places in which the strata of rock incline both ways from the 
reservoir, an anticlinal in the term of the geologist. This condition 
or when the strata dip in one direction from the site should be 
avoided, although when the rocks are deeply covered with soil un- 
desirable effects may be small. I have seen reservoirs in Algeria 
with the strata inclining from the reservoir, where all the exposed 
tock has been cemented in order to prevent the loss of water through 
the strata. With a bottom of sand, the loss may be large for a time, 
but nA action rapidly grows less after the sand layers are once sat- 
urated. 


EVAPORATION, 


§4. The general conditions of evaporation are well known. 
The amount of evaporation depends upon the temperature of the 
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water, upon the dryness of the air (not directly upon the tempera- 
ture of the air), upon the wind. The wind brings fresh, unsaturated 
air in contact with the water surface and gives opportunity for 
more vapor to be absorbed. Unless the temperature of the water 
surface is warmer than the dew point of the air, evaporation cannot 
proceed; if lower, condensation may take place. The wind also 
causes waves and increases the area subject to evaporation. 


$5. The temperature of the water affects the evaporation 
much more than is usually realized. A shallow lake evaporates 
faster than a deep one, because its temperature is higher. Likewise 
the evaporation from the shallow parts of a lake is greater than from 
the deep portions. I have often found the temperature of the water 
in the shallow areas much higher than at the deep places. The 
temperature of the water, and the wind exposure, may differ so 
much between bodies of water in the same neighborhood that a gen- 
eral statement must be accepted with reserve. It is entirely possible 
for two tanks side by side to have very different losses from evapo- 
ration. In the evaporation tank, which has now been maintained 
for eleven years, the loss from evaporation averages 41 inches per 
annum. From lakes during the summer months the evaporation 
has been fouud to be as much as twice that from the tanks, an in- 
crease of temperature of ten degrees, or enough to change the tem- 
perature from 70° to 80°, may be sufficient to double the amount. 


§6. Evaporation proceeds from ice, but at a diminished rate. 
When our tanks are frozen they show a loss of from 1 to 1} inches 
per month, solely from the frozen surface. 

The evaporation at night, contrary to common opinion, is almost 
the same as during the day, and this is nearer equality as the body 
of water is larger. Even in our tanks, the evaporation during the 
nights of a month is often found to be more than during the days 
for the same period. 


THE LOSS FROM SEEPAGE. 


§7. For two winters observations were made to determine the 
loss from reservoirs by seepage. In many cases water runs into the 
reservoirs until late in the fall and the filling begins early in the 
spring, hence the period during which the losses can be found with- 
out measurements of inflow and outflow is short. Nearly a dozen 
reservoirs were visited. Bench marks were established, and levels 
run to the surface of the water. Some of those selected were filled 
during the winter, and the record was of no value. Perhaps half a 
dozen gave some basis for estimating the loss. 

Most of the reservoirs under observation are natural basins sit- 
uated within twelve miles of Fort Collins, and at an elevation from 
5,000 to 5,500 feet above sea level. The sites have been ponds in wet 
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weather, and the extreme bottom is covered with thin silt, which 
when soaked is nearly impervious to water. On the sloping sides . 
the soil consists of a gravelly loam or sandy clay, but lacking the 
natural impervious coating. 


METHOD OF OBSERVATION. 


§8. At the first visit of the season, some well marked and per- 
manent object was selected as a reference point. If none was con- 
venient, a stake was driven where it would remain undisturbed 
through the winter; the top was used as a reference point. The ele- 
vation of the water surface was compared with the height of the top 
of the stake by an engineer’s level. In case of ripples or waves, the 
observer was instructed to take the mean water level as near as it 
could be estimated. Any heaping of the water on one side of the 
lake from wind was not eliminated. Such cause may effect some of 
the observations, but the effect has been slight, and can affect but 
few. April 17, 1897, was windy, and the greatest effect is thought 
to have been on that day. As the reservoirs were filled immediatly 
thereafter, this was the last observation that could be made, and has 
been used. 

For a portion of the winter the lakes were covered with ice. 
When this was the case, holes were cut, and the elevation of the 


water surface taken. In almost no case did the water rise to the 
surface of the ice. ; 


DESCRIPTION OF THE LAKES. 


$9. Loomis lake is one and one half miles west of the Agricul- 
tural College. It isa shallow natural basin, which by the construe- 
tion of an embankment on the north side has been converted into a 
reservoir. ‘I'he Larimer County Canal No. 2 runs close to the west 
side of the lake, and for rods the embankment of the canal forms 
the only. separation between the two. The basin is but little below 
the plain. Trees and brush on the ditch embankment protect the 
lake to some extent from west winds. The lake may receive water by 
seepage from lands to the west, principally lands irrigated from the 
Pieasant Valley and Lake Canal. Any surface drainage is inter-" 
cepted by the New Mercer and the Larimer Co. No. 2 Canals, with 
the exception of that from a strip on the south and east covering 
but a couple of acres. The lake receives the waste water from some 
of the neighboring farms. The lake showed a gain in the winter 
of 1895-6, and a loss in the winter of 1896-7. It is probable that 
some water wasted into the lake the first winter. 


No Name lake is a lake of about an acre, to the east of the res- 
ervoir of the Larimer and Weld Reservoir Company, about two 
miles north of Fort Collins. It has but a small drainage area. It 
is filled from the Larimer County Canal. 
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The Rocky Ridge reservoir is situated several miles farther 
north, on the east side of the Larimer County Canal, which here 
passes on a ridge on the west and south side of the lake. To the 
east of the lake isa cliff of sandstone several hundred feet high. 
The outlet of the reservoir is by a short tunnel under the canal, 
through a ridge to the west of the lake. The reservoir was being 
filled during the second winter of observation, so that a record was 
not taken. 


The North Poudre Canal reservoirs, of which three were observed 
in the winter of 1895-6 and four in the winter of 1896-7, are 
natural basins, most of which have an embankment thrown up on 
one side. These lakes are of considerable size, some having an area 
of several hundred acres. Before they were converted into reservoirs, 
they held storm waters and collected some flood water, so that the 
bottoms were covered with silt. There are no trees to shield them 
from the wind. 


Rigden lake isa natural basin one mile east and two miles 
south of the Agricultural College. It bas neither inlet nor outlet. 
Some seepage shows on the inclined sides of the basin during the 
summer season, and the ground is soft in places. The lake collects 
the waste and seepage waters from irrigated land to the west. The 
nearest ditch that is more than a small lateral, is over a mile away. 
The lake is not fully exposed to the wind, being below the surface 
of the plain, and protected by a grove of cottonwoods a few rods to 
the west, and another a short distance to the east. 


Warren lake lies a mile and one half south of Rigden lake, and 
is usedasareservoir. It has an embankment on the northeast side. 
Some seepage water enters at the west side, and also waste water 
from irrigation. Observations on evaporation were carried on in 
this lake for several years. The observations on loss by seepage 
were of no result, as the company found it convenient to fill the lake, 
and the filling, together with the seepage inflow, made the observa- 
tions inconclusive. 
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$10. The total loss given in Table 2 is the combined loss from 
seepage and evaporation. The records, given later in the bulletin, 
form the basis of the estimated evaporation given in the column so 
headed in the following table. The difference, unaccounted for by 
evaporation, is the loss due to filtration or seepage. In forming this 
table, only those cases where a loss was shown have been taken. It 
is noticeable that there are many cases in which the total loss was 
less than the amount of evaporation; in other words, the reservoirs 
were gaining water from the run-off of the water sheds running into 
the lake, or from seepage entering the lakes, or perhaps, in a few 
cases, from water in the supplying ditches, which had been reported 
dry. This is shown in the following table: 


TABLE III.—LOSSES DUE TO SHEPAGE ALONE. 


& Q @D | o 
z a 2 b g 
° i=S) a CJ oC 
q oA ©. a oD) 
i tah a8 or. 
| e 2 58 | ss 
Name OF LAKE. g oS 5° . is ae 
fe) ad oA Q og on 
4 Ss an x oO © 
> dt & w pal 
pa md eS = Q 
g = A See: é 
= & [a=t ZA ez pa 
Rigdon Lake, 1896............00. 00000 4.45 2.39 | 2.06 31 | .067 | 24.25 
4.03 2.58 1.45 22 066 24 06 
Ueyoreiis MbEN ey IGS gs ad sooaeo cod 5 euncos 1.36 2 43 1.07 gain 31 Gain | Gain 
1.04 85 19 11 .017 6.30 
3.82 2.97 85 31 027 10.01 
INoWName ILake, 1896... 0-5- 4 ose se esieae 2.70 1.70 1.00 21 048 17.38 
5.30 3.66 1.64 33 050 18.16 
23 2.48 2.20 gain 31 Gain | Gain 
718 93 15 gain 12 Gain | Gain 
SOT terra eels civ a a taceie aiein unten eis eres wredee 4.44 2.97 i 31 0475 17.31 
MROCE VARIA ZOMMSIKE) ncicrsic nis cmereicces'sseiciavesie 3.87 3.66 2k 33 006 2.32 
Res. No. 2, North Poudre Canal 1896.... 1.99 1.63 36 21 016 6.26 
1.98 3.66 1.68 gain 34 Gain | Gain 
LCC Tes actic SaOr COE oneitte Saas Comes 1.34 2.20 86 gain 31 Gain | Gain 
Demmel Lake, 1896....... 2 30 1.63 67 21 032 13.21 
4.56 3.66 90 34 0265 9.67 
ASOT Bem cmitavee wecialeaae moe Cosi nce 1.15 2.20 1.05 gain 31 Gain 
56 93 37 gain 12 Gain 
Res. No. 3, North Poudre Canal. 1896 10.56 1.63 8.93 21 42 155.00 
ESOT Rieter oct eetanine orercisrayey aes ors rh otncios 90 gain sie) ii hetee tees 
Res. No. 4, North Poudre Canal, 1897... iLpiGs 2.43 1.30 gain Nene Gain 
Oe 93 31 galny|) eens Gain 
1.08 gain | 2.97 4.05 gain Bane 
For the whole winter, from the records of the Canal company, there must have been gain 
from inflow. 
Demme Laker. yee eee aes §.19 10.26 4.07 gai i 
Res. No. 3, North Poudre Canal........ 6.19 10.26 4.07 cain bt Gan 
Res. No. 4, North Poudre Canal........ 8.19 10.26 2.07 gain | 127 Gain 


_  § 11. It appears that the leakage from these particular reservoirs 
is very small. After allowing for evaporation, we find that several 
lakes must have gained water from outside sources, either by some 
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water coming through the supply ditches, or from the water sheds. 
The three lakes, Rigden lake, Loomis lake and No Name lake, where 
the loss is most evident, are cases where the water sheds are small. 
In the other cases, it was not thought that water could have come 
from the water shed, but it may be possible. 


$12. The loss from seepage during the months the lakes were 
measured, is evidently small. During the remainder of the year the 
loss will not be much more rapid, but the greater depth of water 
usually in spring increases the rate. When the lakes are nearly full, 
the water then covers some ground less completely protected by silt, 
but in the course of repeated fillings the whole lake bottom will 
reach much the same condition. 


$13. In the Rigden lake, the loss from seepage appears to be 
about 2 feet per year; in the case of the No Name lake not quite so 
much ; in reservoir No. 2, during the period when gain was not 
noticed, at the rate of 13 feet per year. The loss from the last lake 
is looked upon with doubt, but no cause other than seepage has been 
established. 


$14. Asa whole, the losses from the lakes under observation 
have been small; less than the evaporation, and less than expected. 
In some other places that have not been subjected to careful obser- 
vations, the loss has been inuch greater than found in these reser- 
voirs. Numerous small reservoirs known to the writer have been 
abandoned for storage purposes, because the loss was so great. In 
the southern part of the state, one instance was found where a depth 
of 27 feet is reported to have disappeared between October and the 
following March. Yet in these cases much of the loss has doubtless 
been due to filling the adjacent subsoil, as well as to seepage proper. 


$15. In most of such cases, though the loss is so large at first, 
it may grow less with succeeding years after the adjacent subsoil is 
once filled. This may be expected to be the case where there are 
extensive beds of sand under and surrounding the reservoir. These 
beds absorb about one third of their volume of water, and continue 
to absorb as long as there are connected bodies of sand into which it 
ean flow, or other outlets. Where the reservoir is small and the 
sand bed is large, the amount of water taken up in this way may be 
large and cause the loss from the lake to be excessive. When, how- 
ever, the sand is filled, the draft on the lake is much less, the loss is 
reduced, and the sand holds water with success, as is shown by the 
lakes in sand hills, or by the holding power of sand embankments. 


$16. In these and other cases the losses may be lessened. For 
since clay or fine material! offers great resistance to the passage of 
water, only a thim layer of clay or fine sediment is required to greatly 
diminish the loss of water. One of the most efficient means, there- 
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fore, of lessening the loss is to change the character of the surface of 
the lake bottom by the deposit of a thin stratum of fine material. 
Since flood waters often contain a large percentage of silt, their use 
and the deposit of such silt, seals the bottom and may make the 
basin nearly water tight. 

The success of the silting process may be expected to be greater 
with small reservoirs than with large ones. Much of the silt is de- 
posited where the speed of the water is checked, or near the inlet. 
Near the outlet, where the seepage is usually the greater, less silt is 
deposited. Yet if the sediment is fine much benefit may be ex- 
pected by application of this process. 

In many cases the water may be made artificially muddy by 
throwing clay into the inflowing stream, taking pains that itis finely 
subdivided and is carried in suspension. 


$17. The loss by seepage from sites, for reasons already men- 
tioned, may be expected to increase with an increase of depth of 
water in the reservoirs, and to become less with the lapse of time. 
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Effect of Depth and of Sediment on Loss cf Water from Reservoirs. 
Observations under J. C. Trautwine, Jr., 1897-98. 


The observations reported were during the winter, with the sur- 
face of the lakes nearly stationary, and do not show the effect of 
variation in depth. Several cases, where the loss has been meas- 
ured from canals, show that the loss increases with the depth of 
water in the canal, but the loss seems to be greater than shown from 
theoretical considerations. From Darey’s. experiments the writer 
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deduces an expression for the leakage through embankments, which 
seems to be proportional to the square root of the cube of the 
depth. Much of the loss may take place through the bottom, and 
this would tend to make the leakage increase at a higher rate. 

Through the courtesy of John C. Trautwine, Jr., Chief of the 
Bureau of Water, Philadelphia, I am enabled to quote some recent 
and valuable observations on one of the reservoirs belonging to that 
city, and which clearly show the effect of increased depth. The 
Queen Lane reservoir has considerable trouble on account of leak- 
age, and during the summer of 1897 had been lined with asphalt, 
the lining being completed August 16th. 

The diagram shows the observations at different depths, the 
two curves representing the losses before and after partially silting 
the reservoir by pumping into the reservoir water laden with an- 
thracite coal dust. 


NOVEMBER, 1897. Maxrog, 1898. 

(Before Silting.) | (After Silting.) 
Depth. | Loss per Day. Depth. R Loss per Day. 
15 feet. -29 inches. 20 feet. .15 inches. 
20 feet. .54 inches. | 25 feet. .24 inches. 
oe A eae 28 feet. .32 inches. 
Oc et cata masecs 30 feet. .46 inches. 


These observations show in both cases a more rapid increase in 
the leakage with depth than would seem to be indicated by the un- 
certain theory. 

That a portion of the rapid increase is due to some change in 
the conditions is shown by still more recent observations. Under 
date of April 7th, Mr. Trautwine adds that observations, extending 
over ten days, with a nearly constant head of about 30 feet, have 
shown an increase in the daily loss to .55 inch. 

Since that date the reservoir has been drawn .down to 20 feet, 
and under date of April 16th, Mr. Trautwine writes that the aver- 
age daily loss at that depth for eleven days was .28 inch, or about 
double the amount shown in March. 

These interesting facts would seem to show that the conditions 
remaining the same, the effect of an increase in leakage due to an 
increase in depth, would be at a much less rapid rate than indi- 
cated in the curve shown. 

As an explanation of the increase in rate with increased depth, 
and the continued increase after the depth is reduced, Mr. Traut- 
wine suggests that there may be a velocity of percolation at which 
the sediment-bearing water ceases to deposit its sediment in the 
pores and begins to carry away that which has already been de- 
posited, thus permitting an increase under large heads with time. 
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EVAPORATION. 


$18. The following table shows the amount of evaporation 
that has been observed from our standard tank during the past 
eleven years. The tank is of galvanized iron, three feet square, origi- 
nally two feet deep, but since 1889, three feet deep. During the 
summer months, the height of the water is measured by the hook 
gage to the nearest thousandth of a foot, twice daily. After Septem- 
ber, darkness interferes with the observation at 7 p.m. and readings 
are made only at 7a.m. After ice forms the tank is undisturbed 
except at the beginning of the month. The ice is then loosened 
from the sides of the tank, and the elevation of the water 
surface, which is then the same as if the floating ice were melted, 
is measured. Ice sometimes forms of considerable thickness, 
and punctures in separating it from the sides have caused the loss 
of the record for severa] months. The rainfall is measured by stand- 
ard gages near the tank. The amount given as the evaporation, is 
the loss from the water surface after allowing for the rainfall, or is 
the fall of the surface plus the rainfall. The amounts here given 
are subject to slight corrections, as critical examination may cause 
the rejection of some days of heavy showers. 


TABLE IV.—EVAPORATION FROM WATER SURFACE. 


Tank 3x3x3 feet, flush with ground, at Fort Collins, Colorado. Elevation 4,990 feet above sea 
level : latitude 40° 34‘, longitude 105°. Amounts are given in inches. 


Jan. | Feb. | Mar. |April| May | June} July | Aug.| Sept.| Oct.| Nov.| Dec.| Year. 
3.23 | 4.60 | 5.55 | 5.19 | 5.75 | 5.23 | 4.24 | 4.12 | 8.26 | 1.48 | 1.60 46.71 
esoia tl sews || coven | 4-400 UOT) VOOt ae OG cOnOe allah Ly mthaie op QO) tert 
1 03 | 2.75 | 4.06 | 3.72 | 4.34 | 5.20 | 5.15 | 5.19 | 3.28 .62 | 1.42 37.84 
2.36 | 3.48 | 3.50 | 4.382 | 5.71 | 5.44 | 5.76 | 8.69 | 2.71 | 1.32 | 1.10 40,25 

t; 1.90 | 2.23 | 2.24 | 5.03 | 4.97 | 5.72 | 4.91 | 4.12 | 3 62 | 1.74 15 39.12 

2.15t) 2.78 | 8.58 | 3.49 | 4.20 | 4.69 | 5.64 | 5.11 | 3.33 | 1.98 | 1.18 40.54 

1,52*| 3.79 | 5.40 | 5.12 | 6.12 | 6.41 | 4.73 | 5.04 | 3.79 | 105) 1.38) ..... 

1.15t| 1.95 | 4.61 | 4.66 | 5.01 | 5.74 | 4.88 | 3.77 | 3.75 | 1.64 | 1.22 39.52 

1.19 D AOL} 4.27 | ats’ | 457 | 4.52) 4106) |) 2e24e abs aie 6or meneame 

2.25 | 2.39 | 4.71 | 5.91 | 5.09 | 5.23 | 5 807] 3.34 | 2.94 | 1.62 | 1.25 43.17 

2.20 De: 3.33 | 4.13 | 4.26 | 4.64 | 4.76 | 3.97 | 2.88 | 1.47 04s or eee 

Average....| 1.73 | 1.90 | 3.00 | 4.19 | 4.57 | 5.21 | 5.44 | 4.95 | 4.21 | 3.09 | 1.438 | 1.22 | 40.94 

| 


* Record from part of month. 

+ Deduced from loss in two months. 

ft From record from February 17. 

p. Tank punctured, record Jacking. 

$19. As the temperature of the water is an important factor 
in the amount of evaporation, the average temperature of the water 
for the corresponding time is given in Table 5. The temp-rature 
given is the mean of the surface temperatures at 7 a. m. and 7 p. m. 
The maximum and minimum temperatures at the surface have also 
been taken by self-recording instruments in the water in early spring 
or late fall. Their record is not so complete and is not given here. 
The average derived from the 7 a. m. and 7 p.m. observations, as 
shown by hourly readings, is lower than the average temperature of 
the tank by about 3.5°. The difference is due to the fact that while 
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heating, the surface heats rapidly and the lower layers slowly. But 
in cooling, the whole mass of water cools. The mean of the maxi- 
mum and minimum temperatures is much closer to the true average 
temperature. 


TABLE V.—MEAN TEMPERATURE OF WATER IN EVAP- 
ORATION TANK. 


Surface temperatures. Average of 7 a. m. and7p.m. 


NotE—The means thus found are less than the true average by 3 or 4 degrees. 


Year. Jan. | Feb.| Mar, April’ May | June| July | Aug. | Sept.| Oct. | Nov.| Dec. 
PN gee ae Sighigh awe 1 AO 49.5 | 62.3 | 69.8 | 78.0 | 71.5 | 64.7 | 59.0 | 38.9 
TES cei gah nae ane EN toag bebe ete eh ol 66.6 172.0 10.5°1 Lai] Baty een 
1890. . Pee OSUON | OGvec- vo 1. 698921162: Oni 7400 teers meee 
Tht Ss SCs Se ag ... | 59.4 | 68.5 | 74.1 | 70.5 , 64.3 | 50.8 | 43.1% 
LG) = eta oie See | 46.7 | 54.4 | 66.9 | 71.8 | 70.0 | 63.2 | 49.5 | .... 
NO ve) ocr /e-2 ere a ere | AVON b020 ||) GS-98) 1329) 11053), Gde20e4 920" een eee 
1894... AOI9>) SOVB NNO TS7 780g 71.8. h 68el scold e42 Sree 
PEE ct Mice. oe Sisiels| «soe Anke 50.4 | 59.4 | 65.6 | 69.4.1 70.7 | 62.8 | 48.1 | .... 
1G cee ee eee 51.1 | 58.9 | 69.6 | 74.1 | 71.4 | 63.3 | 50.9 
1897... 48.2 | 61.4 | 66.6 | 70.9 | 71.4 | 66.4 | 51.5 
MOT ARE daje.tias, shiceun.cia'el||- care ay |) soap 49.0 | 58:9 | 67.9 | 72.7 | 70.8 | 68.4 | 51.2 | 41.6 


* First fifteen days. 
+ First thirteen days. 

§ 20. Observations have also been made on the evaporation 
from reservoirs. Tanks one foot square and eighteen inches high 
were used and floated by pontoons, and filled with water to 3 or 4 
inches from the top. It was intended to maintain the water in the 
tank at the same level as the water on the outside. In order to break 
the waves the whole was surrounded by a triangular float of boards, 
which was anchored so that the angle would face the waves and 
prevent them washing into the tank. The device was not always 
completely successful in this respect. At times boys interfered with 
the tanks. Observations were carried on for several years in War- 
ren’s lake, but the interference was so great the observations at that 
place were abandoned. For the last two years tanks were placed in 
other lakes, convenient of access, and chosen because the lakes were 
partially closed to the public and.the observations less likely to be 
interfered with. 


§21. The lakes used in 1896 and 1897 were Lee’s lake, Loomis 
lake and Claymore lake. 

The Lee lake is a small reservoir owned by Dr. E. A. Lee of 
Fort Collins, and situated about four miles from the College. The 
lake is shallow and exposed to the wind. Weeds grow freely in the 
lake, and late in summer form a mass which is difficult to pass 
through, and greatly hinders the formation of waves. The water 
has varied from about six to ten feet in depth during the season. 

Loomis or Sheldon lake is the same as previously mentioned 
in the observations on loss from seepage. It is a little over a mile 
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west of the College. The depth has varied from five to ten feet. This 
lake is free from weeds. 

Claymore lake is situated six miles northwest of the College 
and close to the ridge of Dakota sandstone which rises immediately 
from the water on the west side. The lake is a reservoir connected 
with the Pleasant Valley and Lake Canal. The ridge of sandstone 
to the west rises at an angle of about 20° and to the height of 400 
feet. This ridge interferes with the wind slightly, but because of 
the downward movement of most of the west winds, it lessens the 
evaporation very little,ifany. This lake is the largest of the three 
on which observations were taken. The depth of water has varied 
from 6 to 15 feet. There have been few or no weeds observed, but 
floating plant life has been abundant. 


METHODS OF OBSERVATION. 


§ 22. The observations were made weekly in 1896 and semi— 
weekly in 1897. The distance to the surface of the water in the tank 
was measured by placing a rule across the top of the tank and meas- 
uring down to the surface of the water by a rule graduated to tenths 
of inches, a rule such as is used in rain gages being used. In order 
to eliminate the effect of tipping the tank when grasped by the ob- 
server, the readings were made at two opposite sides or at the center 
of the tank. The tanks were filled to two or three inches from the 
rim and evaporation allowed to proceed until the water had fallen 
to three to five inches, then again filled from the lake. The meas- 
urements cannot be considered as exact, but the error is nearly elim- 
inated in the differences. 


RAINFALL. 


§ 23. The rainfall as given in the table is that observed at. the 
Agricultural College. The lakes are several miles distant. At times 
the rainfall is undoubtedly greater or less than that observed at the 
College. Gages were placed on the floats, but as they could be read 
only once or twice weekly, the rain record at the College, where the 
observations are made twice daily, is used instead. The greatest dif- 
ference is found on days of local thunder storms in July and August, 
but in only a few cases is there any material difference. 


$24. ‘The temperature of the surface of the water in the tank, 
of the surface of the lake, and of the bottom of the lake, was taken. 
To obtain the temperature at the lake bottom, a sampling instrument 
was used. This consisted of a brass cylinder with valves at top and 
bottom, arranged to open as the cylinder descended in the water, 
and open as it rose. By churning the instrument up and down in 
the water it was easy to fill it wilh a sample of water from any de- 
sired depth, and bringing the instrument rapidly to the surface, the 
temperature was immediately taken. It will be noticed that the 
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bottom of the lake is cooler than the surface, as was to be expected. 
Table 6 shows the changes during the day at the bottom and surface of 
Lee lake, the measurements being made at fifteen minute intervals 
for eight hours. From hourly observations on the smaller evapora- 
tion tanks at the College, there is reason to believe that late at night 
the bottom and surface become of the same temperature, and that at 
times the bottom is warmer than the surface. 


To show the changes in the temperature of a lake during the 
day the following observations are given. They were made Aug. 6, 
1896, on the Lee lake, by Mr. R. E. Trimble: 


TABLE VI. 
| Temperature of Water. 
Clouds. 
Hour OF OBSERVATION. ‘ = Wind. 
enths. Lake Lake 
Tank Surface. | Bottom. 

es Sete VP eee: eee 71.0 70.2 68.8 
9: Newent ) *san ances 72.0 70.5 68.2 
9: Few Light 8. E 72.0 70.7 68.0 
9: Few Light S. E 72.0 71.2 67.7 
10: Few East 72.0 71.0 68.0 
10: at CA Pompe Seat 72.8 pug 68.8 
10: 1 Light 8. E 73.3 72.2 69.0. 
10 2 Light 8. BE 74,0 72.9 68.6 
il 2 Light 8. E 74.0 73 0 68.5 
il 3 Light 8. E 74.0 73.0 68.2 
il 3 Light8.E. || 73.2 729 68.5 
Al 3 Light 8. E. 74.0 73.1 69.1 
12 . 2 Light 8. BE. 74.2 13.2 69.2 
12: 2 Light 8. E 74.8 74.0 68.8 
12 2 Light 8. E 74.4 74.0 68.8 
f2> 3 Light 8. E 74.5 74.2 69.1 
vs 4 Light S. E 74.0 73.9 68.3 
as 6 iets ieee 74.2 74.2 68.7 
5 7 Brisk N. 73.8 73.8 69.1 
ae: 5 Light E 74.0 74.0 69.4 
2: 4 Light 8 74.9 74.7 69.8 
2: 3 W. 1:7 76.0 69.4 
2: 2 W. 75.5 76.0 69.5 
Das igs ell Wi coe XE re A REO 76.0 77.0 70.0 
Bi 1 8. E. 76.6 717.2 69 3 
Sty 2 8S. E. 76.2 76.4 69.8 
3; 2 S. BE. 76.2 76.0 69.0 
‘Ds 2 S., Be 76.0 76.0 69.3 
4: ih §. E. 76.0 76.0 68.8 
a 2 EK. 75.8 76.0 68.2 
4: 3 None 76.0 76.2 69.0 
4: 5 N 75.6 76.7 68.7 
ae PEAY ay NAce ae aes 75.5 76.8 68.6 


The temperature of the surrounding lake was taken to detect 
whether the tank caused any material change in the temperature of 
the water in the tank. The difference is slight, and in that respect, 
the small tanks seem to affect the temperature less than larger tanks. 
The water in the tank wassometimes warmer than the surrounding 
lake, occasionally as much as 3° to 5°, but usually less than 1°. The 
consequence of this increase in temperature is to increase the evap- 
oration, and therefore the amounts measured may be considered 
slightly greater than evaporation from the lake itself. 
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§25. The wind record is from the anemometer at the Experi- 
ment Station of the Agricultural College. The anemometer at that 
point is exposed on a tower sixty feet from the ground, but with trees, 
not in all directions, at a moderate distance. The supposition that 
this record represents the wind at the lakes is subject to the same 
uncertainties as the similar use of the rain record. The error can- 
not be great. In the present discussion the wind is not used in the 
comparison, but is given to exhibit the conditions. The effect of the 
wind is to increase the amount of evaporation by bringing unsatu- 
rated air in contact with the water, and to give opportunity for the 
diffusion of the water vapor. From the working formula derived 
from the observations ih 1889, each mile of wind increased the evap- 
oration by about 2 per cent. Mr. Fitzgerald’s experiments at Boston, 
indicate an increase of 2 per cent for each mile of wind. The 
amounts are to be taken subject to investigations since made. A 
reduction of the observations made at this place during the past ten 
years should give a more satisfactory and useful formula than that 
mentioned in the Annual Report of the Experiment Station for 1891. 
High winds may affect the record by blowing spray into the tank, 
notwithstanding the protecting shelter. The greatest velocity be- 
tween the different observations is given. Heavy rainfalls may in-+ 
troduce uncertainties also. 

The observations on Claymore lake for three months in the sum- 
mer of 1897 have not been used, because it was found that a leak 
existed in the tank, and the record involving nearly thirty trips to” 
the lake is rejected. The record from August 21 to November, after 
the tank was repaired, is given, as also a few weeks in May. 


EXPLANATION OF THE TABLES. 


§26. The column giving the net loss gives the depression of 
the water surface observed in the period given in the second column. 
The rain during the same period as measured at the Agricultural 
College at Fort Collins, is given in the next column. The total loss 
is the sum of the loss observed in the lake, increased by the amount 
of rainfall which has fallen in the meantime, or is the sum of the two 
preceding columns. 
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$27. <A tank similar to those used as a basis of measurement 
in the lakes already mentioned, was placed in Warren’s lake, four 
miles southeast of the College, floated by pontoons and observed 
weekly during 1889 and 1890. The lake was a resort for fishing, 
and the tank was often interfered with, so that the observations were 
abandoned after the two years experience. 


TABLE XI. 

Se: eet es ay & 
Oe & | S88 |88,| Ag 
: s S34 A ws | Seo] ga 
1889. A @ 5S a =i = BS AS 
ag q sSq fia 
S| as | 2 | de | aa] i 

a Ss ean is 
CREOLE LY UT se corhate. + acc bs ckoee eee 16 72—14 2.65 40 3.05 19 
RIRRIORE TEC TLL GEO ccc ne oa cin al cocina 8 74—74 1.81 89 1.70 21 
Ail GT 50 ky ie ae a 8 74—73 2.50 50 2.50 .3l 
DiieontOrAMeUSh Ts 2. 2. soonest econ 5 74—12 1.56 0 1.56 BL 
September 4 to September 9................ 5 66—68 1.84 0 1.34 27 
Septmber 910 September 20...... 11 68—62 2.39 28 2.67 24 
September 20 to September 28... 8 62—60 1.86 10 1.96 25 
September 28 to October 4....... 26 6U—59 1.28 0 1.28 21 
Octoter 4 to October 17.......... 13 59—54 1.46 44 2.00 15 
October 17 to October 25.............. 8 54—52 1.92 02 1.94 24 

TABLE XII. 

; . ; ee | ss 

oO SI 45 & rae | qd 3s 
Ae EDE 2 | S2 | s2.res 
3 q oO wal 
1890. a gia A | gf |ReE] 83 
° AGE iI a I dad ae 
. gad g A So5} 2) 

S o ° Gi 0 Ob 3 

Zz a rd ao | ee 4 
CPORUPOO COMMA Gu, ts actuosisisSuwsaler creireet es 6 .86 40 1.26 21 
ay 25 to sraed Ds Pecan a gretdatos cin een anata» 7 62—66 1.98 0 1.98 28 
PNG A CO OOH Al - even lac Scivation ee pian a 74 1.90 0 1.96 .28 
UCR AO COU MN Die do arS 2 2 <5 sisle. ole osm er awieloy e/ainiavele uf 76—T4 83 42 1.25 18 
BURP Sa AUN CULY E208 oases erste aleratieyperetirlciate wien 7 74—18 1.52 05 1.57 22 
ULYEUOLOUP OLY 20. ien.2 3 chien nemo nee yon 7 76—79 1.82 42 2.24 82 
ULY 26 LOUAM SUSE 2. <-ois.4 «chet Gieleine oncldiele ons ul 19—T7 05 .30 2.40 i) 9 
AUSUSE 2) COVAUSHIAL IO). coir acemeneeeeaac natn. 7 71—12 2.15 06 2.21 82 
AUCUSE YD COVAMAISUICS «, ales car eidece wcaciee 14 72—74 sist 6} 3.08 4.20 30 
August 23 to Segtember 1......». ace 10 74—10 1.40 T 1 40 14 
September 22 to Jeptember 26.. . sais 4 63—62 1.96 0 1.96 49 
September 26 to October 3................-. i 62 1378 T 1.73 25 


The observations were taken in the afternoon between 2 and 
5 p.m., generally about 3 p. m., or near the highest temperature of 
the day. 

A similar ‘ank was placed in the Arthur ditch where it passes 
through the Col'ege grounds. Observations were taken daily. While 
not the same as -eservoir conditions, it gives data for comparison : 


Wine SSO o3 CS 2.89 inches_.-- ---- Record based on 16 days 
July, LS SOG 2 oe aes Amt? Gee Ue eee & “ Oi) ‘“ 
Ais), 1589. LC OE a ee os 4 21 


§28. From the above data we obtain the basis for estimating 
the evaporation at the same rate for the calendar months : 
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TABLE XIII. 
Ler LAKE—1896. Lee LAKE—1897. 
Month. Evaporation No. Days Month Evaporation No. Days 
—Inches. Record. : —inches. Record. 
Soe SHES ig Meee ; May, tance scare 4.31 24 
DUNG re ceenien: 6.36 15 JUNGs. 1.1 9.55 21 
ULV eae ce 9.11 82 Nid ee rempnon 8.53 21 
August........ 7.25 31 August......... 8.61 32 
September..... 5.20 82 September..... 8.40 31 
October ....... 4.17 28 October ...... 4.60 82 
Loomis Lakre—1897. CLAYMORE LAKE—1897. 
May ences cose 7.89 20 May, Ar. wees 5.22 14 
fobs SS esenosn ae 7.91 26 JUDE sesccoeclseies Iovate ie 
ulyeees Poa. 11.87 20 SS wlyche. wees = me 
AUSUSE:.t ecco. 9.02 32 Auguste cere 8.93 10 
September..... bas = September..... 4.81 21 
October....... 4.89 32 October ...... 1.62 23 
WARREN’S LAKE—1889. WARREN’S LaKke—1890. 

Many ices. etee May.tonnmontvcke 7.71 13 
Se eee. top ts eee Ne dietres aaaccues 8.40 iy 
eye seerten opiei ae 7.37 37 ut hpamanenooaor 5.41 29 
Ausust pan. os a5e8 us AUG HSb eerie ces. 8.06 38 
September..... 7.25 30 September..... ead 
October ....... 5.61 21 October ....... 


: §29. It will be noticed that the evaporation from the tanks as 
given is much greater than the corresponding tank on the grounds 
of the Agricultural College. This difference is partially but not en- 
tirely due to temperature. The tanks in the lakes are morg¢ freely 
exposed to the wind than the standard tank, and this would there- 
fore make a great difference. The tanks are more or less agitated by 
waves, and in consequence the water surface exposed to the air is 
larger than the cross section of the tank. A film of water is also 
left on the metal sides of the tank with every movement, and this is 
apt to be of higher temperature than the water in the lake or in the 
tank, and evaporates more rapidly. The influence has been noticed 
by Mr. Trimble, who made the observations in 1896 and some of those 
in 1897, and suggested as a cause of some of the excessof evapora- 
tion observed from the lakes. The effect may be considerable, but 
how much is uncertain. The wave action differs inthe different 
lakes. In Lee lake the weeds extend so near the surface that there 
is little opportunity for wave formation. In the othe? two lakes the 
effect is greater. As the wave also increase the ares of the surface 
of the lakes which is exposed to the air likewise, the result is possi- 


bly closer to the loss from a lake exposed to the wind than if the 
tank had been stationary. 


§30. The effect of such increase of surface may be considerable. 
We have made no experiments to determine the possible effect. The 


only ones reported are some by Maurice Aymard,a French engineer 
stationed in Algeria, whose report on Irrigationia Spain as prelimi- 
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nary to the construction of a reservoir which has but recently been 
built, is classic in irrigation literature. The observations were car- 
ried on for less than four days in 1849. Tanks 20 inches (50cm) in 
diameter and 2 feet high were made. In one the water was still; in 
the other an iron disk nearly of the same diameter as the tank, with 
holes through it, was slowly raised and lowered in the tank. The 
water passing through the numerous small holes, kept the surface in 
agitation, something like the surface in small ditches with rapid fall. 
The loss under these conditions was more than a third more from 
agitated than from the quiet water, or a loss of 1.66 inches from the 
quiet water. and of 2.32 from the rough water.* 


ESTIMATE OF EVAPORATION FROM RESERVOIR. 


$31. From the preceding -data we may estimate the amount 
of evaporation under reservoir conditions. Any such estimate is 
subject to the uncertainties already mentioned, and to the condition 
that the evaporation may vary much from year to year, and from 
one body of water to one immediately adjacent. Nevertheless we 
may make what may be considered a reasonable estimate from the 
observations. 


Evaporation. Evaporation. 
PIER A eee 2a Sisters cinta stoyanlesare stares Spiers PO INO DOS OMLLY: Hi ctcts clase uletana Sie cits aad gueteui analogs areeseete 9.5 inches. 
ISM AT Ve cc ete one eae net eew ooh es A ee WSUStEF Aedes: Gs hasee adams ne ee OND ze 
(MnO lie eal tecoscieec.. aaitae waive ne 3.5 oe September pte «cose veides tee e pene ONO a 
PAS ERE eee tira Oona shaw s wens Ome ee Octo berths. se seca cle peses acre oeeres 4.5 : 
ME raved ie eetes occa So a ielvure nneeiitee 6.3 2 NOVEM DOES 2 Ae5...eici-cesisienys ais ieee stots 2.5 « 
June wanisitentio caus 820) DECOM PCE: ccs. ce rise el, sale ee me ee 
Po bal preraciaie or rec oe Moda saan eon meee rains BY Scns tvs eaine ste TOU DEL C LOBE 


§ 32. The following are other cases of evaporation which have 
been observed. On several lakes in California, observations were 
made in 1879 by J. D. Schuyler, now consulting engineer, of Los 
Angeles, Cal. They are reported in William Ham Hall’s report as 
State Engineer of California in 1880, and in Physical Data and Sta- 
tistics of California : 

Reeder lake is a narrow lake with wooded shores, water 12 to 
15 feet deep. Evaporation pans two by two feet square and one foot 
deep were used. They were protected from the wind but exposed to 
the sun. From June 25th to July 11th, a total of sixteen days, the 
loss was 1.21 inches, or an average of .24 inch per day. The tem- 
perature of the water from five observations taken late in the after- 
noon, varied from 82° to 92°, which would be higher than the aver- 
age temperature. 

In Panama Slough, California, July 9th to August 20th, 1879, a 
loss of 2:46 inches in a little over seventeen days, was noticed, or an 
average of .145 inch per day. The temperature of the water was 
from 64° to 72°. 


* Debauve, Manuel de l’Ingenieur, Des Eaux en Agriculture, p. 170. Parrochetti, Manuale 
pratico di Idrometria, pp. 256-8. - 
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In Kern lake, Mr. Schuyler also made observations from Aug. 
4th to Sept. 29th. In a tank near the shore, the daily evaporation 
was .30ofaninch. Ina tank near the shorein a depth of 5 feet of 
water, the daily loss during the same time was .21 of an inch per 
day. The temperature of the water as given was the same in each 
case, and varied from ‘78° to 88°. About noon the air was consid- 
erably warmer. From Oct. 2nd to Dec. 20th, a period of seventy- 
nine days, evaporation amounted to 9.66 inches from Kern river, 

Cal. This was determined from weekly observations. The temper- 
ature of the water in the pan varied from 55° to 80°. The average 
daily loss was .12. , 


At Sweetwater reservoir, near San Diego, California, an evapora- 
tion tank was put in place by J. D. Schuyler and has since been con- 
tinued by and under the direction of H. N. Savage, C. E. The reser- 
voir was visited by the writer in 1891. At that timea circular tank, 
floated in the lake, was used. A Piche evaporometer was used for 
comparison. When the pan gave out in 1892, it was not renewed, 
and the records were made from the Piche instrument until 1897, 
when Mr. Savage had the pan replaced. As the records with the 
Piche evaporometer do not show the evaporation from free water sur- 
face, they are not used in the table which follows, and only those de- 


pending on the records from the tank are given. Mr. Savage has 
furnished the record up to date. 


TABLE XIV.—EVAPORATION FROM SWEETWATER RESERVOIR. 
Near San Diego, California. Latitude, 32° 40‘; longitude, 117°; elevation, 220 feet. 


Jan. | Feb. | Mar. |April| May | June] July | Aug.| Sept.| Oct. | Nov.| Dec. Year. 
TO A AOe 1.99 | 3.34 | 8.388 | 4.96 | 5.82 1 | 8.22 |.7.26 | 7.81 | 4.52 | 3.96 95 59.02 
1890... 1.59 | 2.21 | 3.28 | 4.14 | 6.14 | 7.30 | 7.88 | 9.02 | 6.48 | 4.92 | 5.54 | 1.84 59.84 
SOT enor 3.61 | 1.35 | 3.08 | 3.71 | 5.60 | 6.03’) -6.50 | 8.89 | 6.15 | 6.81 | 4.10 | 2.75 58.08 
SOQtaee emer 2.54 | 1.89 | 3.08 | 5.82 | 4.67 | 6.48 | 8.81 | 6.54 | 6.27 | 6.56 | 4.77 | 2.61 59.54 
ABO es ists sta tele 2 12 | 1.64 | 2.91 | 5.99 | 5.69 | 7.90.) 6.25 | 6.61 | 5.53 | 6.27 | 4.24 | 3.75 58.90 
Mean...... 2.37 | 1.99 | 3.15 | 4.92 | 5 58 | 6.90 | 7.43 | 7.66 | 6.45 |.5.72 | 4.52 | 2.38 59.07 


The water temperature ranged from an average of 80 to 82 degrees, in the warmest month, to 
50 degrees, in the coolest. 


§ 33. <A valuable series of observations is being carried on by H. 
B. Hedges, C. E., of San Bernadino, Cal., at the Arrowhead reservoir 
in Little Bear valley. This is at an elevation of 5,160 feet above 
sea level, and near enough to San Diego to furnish some comparison 


between the evaporation at those two places and indicating the effect 
of elevation. 


In this case the evaporation was measured in a three-foot pan 
floated in a concrete basin separate from the reservoir. Measure- 
ments are made twice daily at 6 a.m. and 6p. m.in summer. It 
will be noticed that the evaporation is much less than at San Diego. 
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TABLE XV.—EVAPORATION FROM THE ARROWHEAD RESERVOIR. 


Little Bear Vatley, California. Latitude, 34° 16’; longitude, 117° 11‘; elevation, 5,160 
feet. By H. B. Hedges, C. EB. 


| Jan. 


| Feb. Menor May | June} July | Aug. Sevt| Oct. | Nov. | Dec | Year. 
a Svea, Fae eed — | — SEs —— — 
PSO act teeter sce ash Labe | 1.84 | 5.30 | 6.60 | 6.30 | 6.20 | 5.05 | 2.80 | 1.20 SOE eageecekars 
TSOG 20. 3. S007) 28 -94 | 3.39 | 2.86 | 6.50 | 5.04 ) 5.50 | 4.01 | 4.05 | 1.28 | 1.23 35.70 
HOOT ose, 3 5 eeOt teeth eeces eOcak led Fh Gc 1G, 1 0262) ) 9.07 by 00) 4. Ol dee ldots pereecees 
eS eee heat eee | | ars 
Average...|  .33 00 1.03 | 4.12 | 4.30 | 6.42 | 6.32 | 5.62 | 4.69 | 3.62 | 1.24 .93 89.15 


§34.- The following are records of the average evaporation 
from floating tanks made at Rochester, New York, and at Boston 
Mass. ‘The former were made under the direction of Emil Kuich- 
ling, chief engineer of the water works, and were made in small indu- 
rated fiber tubs, about 10 inches in diameter and six inches deep. 
At Boston the observations were made under the direction of Des- 
mond Fitz-Gerald on the Chestnut Hill reservoir. Those at Roches- 
ter are dependent on records from one to five years of the different 
months, at Boston upon a much longer period. Those at Boston 
are not the actual means of observation, but the smoothed values 
determined by the application of Bessell’s formula to reduce periodic 
series : 


| | 
Jan. | Feb. Mar. |April Mae isan July | Aug. | Sept.| Oct. | Nov.| Dec. Year. 


8| 4.07 | 3.13 | 1.50 | 1.22 || 34.31 
0 | 4.20 | 3.14 | 2/22 | 1:50 || 30:71 


4.05 


Rochester.| .45 = 91 67 
01 | 4.48 


4.93 
Boston.....| 1.12 | 1.20 | 1.81 55 


5.65 | 0.2 
5 5.98 | 5.5 


THE EFFECT OF ELEVATION ON LOSSES. 


§35. Are the losses more or less at high elevations? Is it more 
economical to store water at low or high elevations ? 

For increase of elevation the evaporation, if the wind conditions 
are the same, is greatly diminished. Practically the opportunities 
for storage are confined to basins not over 10,000 feet in elevation, 
and the question of the evaporation is of most importance for eleva- 
tions below that height. Observational data are almost entirely 
lacking. Such observations as have been made are not under the 
same methods and not strictly comparable. 

As far back as 1890, I made attempts to obtain such data and 
furnished evaporation tanks to several places, distributing some tanks 
coming from the U. S. Irrigation Survey of 1889-90 and also some 
new tanks. The highest point was at the U.S. Fish Hatchery near 
Leadville, at an elevation of nearly 10,000 feet. Few results were 
obtained except from the sub-stations connected with the College in 
the San Luis valley and on the Divide, at elevations of 7,600 and 
7,200 feet respectively. The other observers were voluntary, and as 
there were no funds to replace the broken instruments or repair the 
damaged tanks, the observations were abandoned. In the absence 
of observations, we may consider the probable effects. 
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§36. We may dismiss the losses from seepage from considera- 
tion. They depend upon the character of the site and nothing in 
the mere elevation would increase or diminish the seepage, unless the 
lower temperature of the soil should lessen the rapidity of seepage, 
and this, as shown in Bulletin 33, may be considerable. In 
general the rock strata are nearer the surface in the mountains and 
more attention may well be given to the geological characteristics of 
the site. 

$37. But elevation has an influence on evaporation, and as 
evaporation is shown to be of more importance in the cases examin- 
ed, the effect of elevation on losses will be principally due to its ef- 
fect on evaporation. 


$38. The factors controlling evaporation, are: 

First—The temperature of the surface of the water, which in- 
dicates the limit of the amount of vapor which the air in contact 
with the water will absorb. 

Second—The amount of moisture present in the air. The dif- 
ference between the moisture corresponding to the temperature of 
the water surface, and the moisture actually present, is a measure of 
the additional amount of vapor which the air will take up. 

Third—The wind movement. 


§39. The temperature of the air is decidedly lower at high ele- 
vations, though on individual days inversions may occur, and the 
air be warmer at the high elevations. This is often shown in com- 
paring the observations taken at the College, with those taken by 
Mr. C. E. Lamb at the foot of Long’s peak. This inversion occurs 
principally in the winter months, between November and April, and 
has less effect on evaporation than if occurring in the summer. 

Taking the records from several places, we find the average 
temperatures as follows, where the lower temperature with increased 
altitude is to be noted: 

Latitude, Elevation. Av. Temp. 
Agricultural College, Ft. Collins__40° 34’ 5,000 ft. Aste 


Devi Oia s ere eS Prem s Ee 39° 45/ 5,300 ft. 49°.5 
Colerado Sprmivsens~— ssa a l8S OU) 6,100 ft. ATC 
Lamb’s, near Long’s Peak ----_- “40° 204 9,100 ft. 34°.0 
Pike 6-heak son toh let eee f 2oSE00n 14,147 ft. 19°.4 


The difference of 8,000 feet in elevation between Colorado 
Springs and Pike’s peak, causes a difference of 28° in mean annual 
temperature, equivalent to a difference of 1° for 300 feet rise. 

_ §40. The temperature of bodies of water freely exposed to the 
air will not differ much from that of the air in contact with them. 
The temperature of the water surface averages higher than the whole 
body of water, because as the water warms, the heated layers remain 
on top for temperatures above 39°, while in cooling the water sinks 
as it cools and the whole mass cools together. Below 39° the colder 
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water remains on the surface. In heating, therefore, above 39° the 
whole mass is heated, and the increase in temperature is slow, while 
in cooling the surface cools without the mass of water cooling materi- 
ally. Hence for temperatures above 39° the surface averages of 
higher temperature than the body of water, and for temperatures 
between 32° and 39° it averages lower. In the one case it tends to 
make the surface warmer than the air, in the other cooler. 

In our evaporation tank it is noticeable that the temperature of 
the surface shows an excess of from 6° to 7° above the air tempera- 
tures. 

At higher elevations similar differences prevail, and in all proba- 
bility the differences are nearly the same, though exact observation 
is lacking. But as the prevailing temperatures are lower, the water 
temperature is less than the critical temperature of 39° for a, greater 
part of the year than at lower elevations. Itseems probable, there- 
fore, that the excess of the water temperature above the air tem- 
perature is less than at the lower elevations. 


$41. But even if more, the evaporation, so far as this factor is 
concerned, may be less, for as the evaporation seems to vary directly 
with the difference of vapor pressure corresponding to the tempera- 
tures of the water surface and of the air, and as the vapor pressures 
decrease much faster than the temperatures, the same difference in 
degrees means a greater difference in vapor pressure, or a greater 
capacity for moisture ata high temperature than at alow. Thus 
the table shows the pressure of the water vapor corresponding to the 
ordinary air temperatures. 


Temperature. Corresponding Vapor Pressure. 
Ue de Ohec rr ene es Shes 1.91 inches. 

(aes he anes ee coe eee ke LAO 

8 ELSE 0 nits, sh a OE Se LO 

70 CC Seen eee cee wre teee Se AAS Ue (14 

60 (Coy Rae Le pen ee rk Tilly s Si! 52 “ 

50 SL eee pce hsp Ate LA Ach’ ( eaileg htt tied pe ea: 36 (<9 

40 TT oi! dod cd Ack Pes gba eee eae AS) “ 

80 (S51) eR Ae or nee EPP AL! eetee Ve “ 

20 Ne be i See ea oie Bille Lee ee 11 i3 


From this table a difference of 10° would correspond to a dif- 
ference of vapor pressure or capacity for moisture: 


For 10 Degrees Difference. Difference of Vapor Pressure. 
Between 80 and 70 degrees. -_-_ ------------ .29 inches. 
a TAN OCS NUR, 0 Sh ce emeneR ORR oes AO a: 
“ CUD SOE ES STU Sica Se enemy 2 “5 BG sas 
D2, | RTE E66 1 0 SO Pe pet miler ost 
fs 40 and 30 “ RE elles CUS ee 


Since the evaporation varies directly as this difference of vapor 
pressure, or, so far as this factor is volved, when the temperature of 
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the water surface is 80°, the evaporation would be 34 times as fast as 
when the temperature is 40°, the excess above dew point being 10° 
in each case. 

But at the low temperatures corresponding to high elevations, 
the dew points are nearer the air temperatures than at higher 
temperatures. In addition, there is reason to believe that the 
water temperature is not so much above the air temperatures as 
at higher temperatures. It is evident that the effect of these 
conditions is to make the difference of vapor pressures corresponding 
to the temperature of the water surface, and of the dew point to be 
less at high elevations than at low, and by so much to reduce the 
evaporation. 

§ 42. On the other hand, the lessened air pressure at the higher 
elevations is favorable to increased evaporation, the increase in evap- 
oration being proportional to the decreased pressure, and the influ- 
ence of elevation being to increase the evaporation by the per cent 
given in the third column. This increase is due to the decreased 
barometric pressure alone. 

Increase in Evaporation 


Elevations. Pressures. Over Evap. at 5,000 Feet. 
DUO Teetese te. Las 25° “Inchese = eee ees 00 per cent. 
BACON, Cie on ie ge eats 24 CES crag SN ea Be a 6 
TOMO ieee 98 9 Ne i eae ee ee 7 « 
ANION cee cacao gina 29.3.0 ~ SC eee eee 11 « 
OR me ome a O14 ~ “eR ee ees 14. ee 
OOO nee tS O06 i eae sapere 
HEC) Peewee we 19.95 “<o 7 eee F201 eee 
SRSA Weds le RE ree Tob AO eee eee _24 at 
UNA A Se pc a LSs4>" Sos a ee ree 26 « 
eA OUOm tees epee oad Why CLP EREEE SANS Sees a EO) nf 


$43. Confining these effects to elevations less than 10,000 feet, 
which is practically the limit of available storage sites, we find that 
the condition of air and water temperatures materially reduce the 
evaporation, the decreased barometric pressure increases, and the 
wind, if greater, would tend to increase it. The effect of lower tem- 
peratures is greater than the increasing effect of the barometric pres- 
sure and probably greater than the effect of the wind, except in ex- 
posed places. And when we take into account the fact that the water 
is frozen for a much longer period of the year, it is safe to conclude 
that the evaporation for the year is much less than at lower eleva- 
tions. 

$44. The amount of decrease cannot be stated with certainty. 
An increase in wind increases the evaporation, each mile of wind 
during the twenty-four hours, increasing the evaporation for that 
day by from 1 to 2 per cent.; 2 per cent. deduced from Fitz-Gerald’s 
formula from Boston observations,} and nearly 2 per cent. for wind 
of 5 miles per hour, decreasing to 1 per cent. for each mile at 25 
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miles per hour, as deduced from Professor Russel’s observations ; { 
2 per cent. from Colorado observations of 1889, by L. G. Carpenter.* 


$45. SUMMARY AND CONCLUSIONS. 


1. The losses from reservoirs are from seepage and evaporation. 

2. The seepage losses are dependent on the condition of the 
reservoir site, therefore different for different sites. 

3. The seepage losses were determined ona series of reservoirs 
near Fort Collins, in the winter of 1895-6 and 1896-7. 

4. The seepage losses may be great. In the lakes under 
measurement, the losses in some cases were less than from evapora- 
tion alone. 

5. In some cases, lakes may gain from seepage from irrigated 
lands, and the gain may be more than the combined loss from seep- 
age and evaporation. 

6. In the cases where loss from seepage occurred, the loss was 
at the rate of about 2 feet in depth over the area of the lake, per year. 

7. This amount does not necessarily apply to other sites, and 
other observations are needed before general statements respecting 
loss from this source can be made. 

8. The seepage decreases after the lake is first filled, from the 
effect of silting, and from having filled the porous ground underneath 
and connected with the site. 

9. Even in sand, there is a limit to the amount of seepage, and 
the time during which the loss is large. 

10. After sand beds connected with the reservoir are saturated, 
the losses from seepage will decrease. 

10a. The loss increases with the depth, probably nearly as 
the square. 

11. The losses may be lessened, though not entirely prevented, 
by silting. 

12. The silting process is more efficient with small reservoirs, 
because of the better distribution of the silt. 

13. If the loss from seepage is not more than 2 feet per annum, 
the sites may be considered as practically water tight. In the case 
of canals, the losses often average more than that in twenty-four hours. 


EVAPORATION. 


14. The losses from evaporation, in the cases examined, are 
greater than those from seepage. 

15. The evaporation is not necessarily the same from adjacent 
bodies of water. 


+ Trans. Am. Soc. C. E., 1883. + U.S. Weather Bureau. * Report Exp. Sta., 1889. 


32 COLORADO EXPERIMENT STATION. 


16. The amount of evaporation increases with the temperature 
of the water, with the wind, and diminishes with increased moisture 
in the air. 

17. From the standard evaporation tank at the Experiment 
Station, the average evaporation for 11 years, has been 41 inches. 


18. Evaporation proceeds when the water is frozen, but at a 
diminished rate, averaging about 1 to 14 inches per month. 

19. The evaporation at night is the same as during the day, 
the difference being less with the increase of the size of the bodies of 
water. 

20. The loss by evaporation from several lakes exceeded that 
from the standard tank. 

21. The loss from the lakes was about 60 inces per year. 

22. The increase is due to higher temperature ot the water, 
and to freer exposure to the wind. 

23. In some of the summer months, the lakes lost twice as 
much as the standard tank. 

24. The lower temperature of water at high elevations, and 
the lower dew points, tend to decrease the evaporation. 

25. The diminished barometric pressure tends to increase the 
evaporation, amounting to 14 per cent at 8,000 feet, and to 18 per 
-cent at 10,000 feet, over the evaporation at 5,000 feet. 

26. Every mile of wind movement in 24 hours increases the 
evaporation by from 1 to 2 per cent over the evaporation if calm. 

27. ‘The winter period is longer at the high elevations. 

28. For the whole year, the evaporation in all probability is 
considerably less at the high elevations than at the low ones. 

29. Evaporation is lessened by any influence which diminishes 
the wind or decreases the temperatnre of the water. 

30. Protection of lakes by wind breaks is in many cases prac- 
ticable, and in small lakes sometimes desirable. In the large lakes 
the benefit is by reducing the wind velocity; in small lakes both 
from effect on wind and by lessening action of sun. 

31. The deeper the lake the cooler the water as a whole, the 
cooler the surface, consequently the less evaporation. 

32. Assuming a loss of 5 feet in depth per annum, an area of 
100 acres would require 3 cubic feet per second for the whole year 
to make good the losses from evaporation; one of 500 acres would 
require 33 cubic feet per second, considerably more than would be 
used to irrigate an equal area. 

33. The net loss to the reservoir would be the sum of the above 
losses from seepage and from evaporation, diminished by the rain- 
fall, a combined loss which may be considered as a depth of 6 feet 
in one year. 

34. As irrigation reservoirs are usually full for a few months 
only, the loss is much less than this for the high water area. 
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APSO STUDY: 


Part |. The Crop Grown: SUGAR BEETS. 


By WILLIAM P. HEADDEN, A.M., Pu. D. 


Among the many questions arising in the practice of irrigation, 
is the one in regard to the prevention of the alkalizing of low and 
poorly drained land. 


The accumulation of water may not be so rapid that the land 
becomes waterlogged, though this, in many instances, actually oc- 
curs; yet the supply of water, laden with salts, dissolved out of the 
soil through which it has passed, is sufficient to cause, by its evap- 
oration, a deposition of large quantities of these salts on, and in, the 
upper portion of the soil. This concentration of the salts is not al- 
ways indicated by an efflorescence, though this frequently occurs. 


The condition upon which the poor drainage depends, is usu- 
ally the configuration of the surface, but the character of the land 
and of the strata underlying the soil contribute materially in bring- 
ing about this condition. 


The difficulty is met with, mostly in limited areas, it is true, 
but so frequently, and thatin otherwise good land, that it becomes 
a question whether we Dae ameliorate it in some way. Perfect 
drainage would answer all questions, but this is frequently difficult 
to obtain, or altogether impracticable. It is, however, not to be in- 
ferred that alkalized land is necessarily swampy land, or has such a 
supply of water that irrigation is unnecessary. Neither of these con- 
ditions obtain in general, or when they do, particularly the former, 
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the land must simply be abandoned. The plot chosen for this study 
is representative of this class of land; it is neither so wet as to be un- 
tillable, nor so badly alkalized as to be hopeless. 


1 recognize that this, like every other agricultural problem, is 
an involved one, and that it is difficult to determine to which factor 
the greatest importance should be given. In the present case, there 
are several patent questions, such as: Does the alkali present produce 
any effect upon the plant? Isits action directly upon the plant itself 
or does it act indirectly upon the plant through its effects, mechan- 
ical or chemical, upon the soil? Is the starvation of the plants observed 
in this case, due to an actual deficiency of available plant food, or to 
the mecbanical conditions which obtained? Which is to be taken 
as the alkali in any given case, the efflorescence, the leachings from 
the soil, or the salts in the ground water, etc. , 


I shall devote the subsequent portion of this study to the con- 
sideration of the soil and ground water. In this I shall consider 
the crop grown. 


I have chosen to pursue this investigation in a comparative 
way, believing that this gives the most satisfactory method of check- 
ing both observations and results. For this purpose, I selected two 
plots planted to beets by the Agricultural Department. The beets 
were of different varieties, and the soils were both good and presum- 
ably free from alkali. The investigation was begun and carried on 
upon the assumption that the character and relative quantities of the 
soluble salts present have a direct and important bearing upon the 
amount and character of the mineral matters taken up. 


The experiments made in California with sugar beets on alkali 
soil could not give results necessarily applicable to our case, be- 
eause our alkaliis quite different. The efflorescence, or alkali 
crusts, are the same, or essentially so, but the leachings of the soil are 
quite different; oursis much poorer in sodic carbonate and much 
richer in calcic sulphate. Our alkali crusts are correctly so called, 
but the salts held in solution in the ground waters, and the leach- 
ings of the soil; are both so rich in calcic sulphate that it seems a 
misnomer to speak of them as alkali, and it should be borne in mind 
that throughout this bulletin no distinction has been made between 
the incrustation forming on the soil and the soluble salts in the soil, 
though there is a great difference between them. The incrustations 
are sodic and magnesic sulphates, with small quantities of calcic sul- 
phate and sodic chloride, together amounting to about six per cent., 
while the water residue is largely calciec sulphate, with sodic and 
magnesic sulphates in smaller quantities. 


A brief description of the soil, and a statement of the general 
condition of alkalization, may be given in this place. 
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The soil varies from a loam, with some gravel, and having a 
clayey and somewhat calcareous subsoil, to a fine alluvium, which 
owes its origin partly to the washings from the immediately sur- 
rounding country, and partly to the action of former water courses. 
It can scarcely be said that there is a true hardpan underlying our 
experimental plot; but the whole soil, to a depth of five and a half 
feet, is very retentive of water, and there is a stratum of clay imme- 
diately above the gravel, which is quite as efficient in preventing a 
free passage of the water into the ground flow as a hardpan would 
be. The gravel below the clay is filled with water, and I believe that 
the ground water from the higher land to the west tinds its way 
through this to the river. 


The water in the alkalized basin and in the gravel stratum are 
quite independent of one another, so far as I have been able to dis- 
cover by sinking holes or wells through the soil into the gravel and 
examining the water. Subsequent study may disprove this, but up 
to the present I have no reason to doubt it. 


Portions of this plot are so rich in soluble salts that incrusta- 
tions one-half inch in thickness form on the surface of the soil after 
irrigation, or other favorable conditions. Such are the general con- 
ditions of the soil in which I endeavored to grow a crop, in order to 
study, first, the effects of these conditions upon the crop, and, second, 
the effects of the cultivation and crop upon the soil. 


It is my purpose to record, in this bulletin, the results obtained 
in regard to the first subject, reserving the further consideration of 
the second question for a future bulletin. 


Several considerations led me to choose the sugar beet as the 
crop to be studied in this experiment: The whole crop is usable ; 
the weight of the crop is fairly large; its culture has been made fa- 
miliar to the public by numerous bulletins, and is commanding a 
large amount of public interest ; but the most important one was that 
the beet is more tolerant of alkali than most of our culture crops. I 
shall follow the developement of the plant and its sugar content, but 
this is not the chief object had in view. 


Directions for the cultivation of the crop form no part of my plan ; 
besides, they have been given in great fullness by many others. 
The first question which suggests itself in this study, is: What is the 
effect of the alkalies on the germination of the seed ? 


GERMINATION EXPERIMENTS. 


I had every reason to expect difficulty in getting a good, or in- 
deed, any stand at all in parts of the plot. The character of the soil 
and the experience of others justified this expectation. As the gen- 
eral composition of our alkali had already been determined, a series 
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of experiments was instituted to determine, beforehand, whether a 
failure to get a stand should be attributed to the alkali, to the seed, 
or to'some other cause. I also endeavored to determine the max- 
imum amount of the constituent compounds of the alkali which might 
be present and still permit the seed to germinate. The amount of 
sodic chloride present in our alkali is so inconsiderable that 1t_was 
excluded from our experiments, which were made with the other 
salts composing the alkali, 7. e., sodic carbonate, which is present in 
small quantities only, sodic sulphate, and magnesic sulphate. There 
is a very large amount of calcic sulphate in the soil, but no germin- 
ation experiments were made with it. 


My object, as already stated, was to determine the vitality of 
the seed, the effect of these salts upon the germination of the seed 
and upon the young plants. The salts were used separately, 
and also in conjunction, in quantities varying from 0.01 per cent. 
to 1.0 per cent. of the air-dried soil; for instance, 99 grams of clean, 
washed, and ignited sand, and 1 gram of dry, neutral sodic carbonate, 
were taken. Theseed used were carefully selected. only fresh, plump 
burs being taken. The vessels used as germinating cups were or- 
dinary glass tumblers. By using these we avoided the evaporation 
from the sides of the vessels, which would have taken place had a 
porous retainer, such as a flower pot, been used, and also any drain- 
age and consequent washing out of the alkali. Evaporation from 
the surface, and too strong a light, were guarded against by covering ~ 
each glass with a close-fitting disk of paste board. After the salts 
had been added to the sand, distilled water was used to wet the mass, 
and subsequently to replace that lost by evaporation. 


The experiment extended over a period of 37 days, from April 
11 to May 17, inclusive. The temperature was observed at 
7:00 a. m., 12:00 m.,and 6:00 p.m. The lowest temperature at 7:00 
a.m. was on the day of planting, 46° F.; the highest temperature at 
this hour was 63° F.; the average of all the readings, 51°. The av- 


erage temperature at noon for the entire period was 61° F., and at 
6:00 pe mr. Os 


The experiment was divided into four series: The first with sodie 
carbonate, the second with sodic sulphate, the third with a mixture of 
these two salts, sodic carbonate and sulphate, and the fourth with 
maguesi¢ sulphate. The general results of the experiments only are 
given, because a detail of the daily record would show but little of 
interest, and occupy a great deal of space. The chief thing which 
would be gained would be the easily demonstrated fact that the seed 
germinate more quickly in the solutions of the soda salts, and more 
slowly in the magnesium salt, than when they are absent, and that 
the corrosive action of the sodic carbonate made itself manifest when 
so much as .05 per cent. of it was present in the soil. 
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SODIC CARBONATE, OR BLACK ALKALI, ALONE. 
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The preceding experiments were conducted under identical 
conditions, and demonstrate that good beet seed will germinate freely 
in soil containing as much as 0.7 percent. of white alkali, or sodic 
sulphate, but with as much as 0.1 per cent. of black alkali, or sodic 
carbonate, free germination of the seed is doubtful, and the action of 
the black alkali is scarcely, if at all, mitigated by the presence of an 
equal quantity of white alkali. The result obtained when 0.05 per — 
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cent. of black alkali was present is less favorable than was obtained 
in the first series, when twice this amount, or 0.1 per cent., was pres- 
ent. This difference might have been partly due to the varieties 
used. It seems that the Vilmorin is more sensitive to the action of 
the alkali than the other varieties, but the experiments are not nu- 
merous enough to really establish this point, and it must also be re- 
membered that another lot of Vilmorin seed might prove much 
hardier. 


The next series of experiments was conducted with the sodic 
carbonate, or black alkali, alone, at a somewhat higher temperature, 
the average being 73.76° F., and the young plants were allowed to 
remain in the soil to enable us to see how long they would endure 
the alkali. The quantity of alkali added varied from 0.1 to 1.00, 
the quantity increasing regularly by 0.1 per cent. The variety of seed 
used was the Vilmorin; a blank was rum at the same time. In six 
days, 90 per cent. of the seeds in No. 1, containing 0.1 per cent. 
black alkali, had germinated, none of the others containing alkali 
germinated, though the experiment was continued for twenty days. 
The seeds in the glass to which no alkali had been added all ger- 
minated, and continued to grow in a normal manner so long as we 
continued to observe them. 


The glass containing 0.1 per cent. of sodic carbonate was allowed 
to remain five days after germinating, when the seedlings were no- 
ticed to be drooping. They were carefully removed from the sand 
by washing, and seven out of the nine had the plumule corroded, 
and the rootlets of the other two were already blackened. The 
blank was allowed to remain exposed to the same conditions for nine 
days longer, and at the end of this period were still healthy and 
growing. There can be no doubt but that the alkali had caused 
the death of the plants in the other glass, proving that, while 0.1 per 
cent. of black alkali in the soil will not prevent the germination of 
beet seed, the young plants cannot endure this amount. If the 
plant had already been established, before this percentage of the al- 
kali had been brought into the soil, it might endure it. I am, how- 
ever, inclined, by what I have seen of the deportment of the beet 
plant toward alkali, to doubt whether, even under such conditions, it 
would survive, especially if, as is the case in Colorado, there should 
be a rapid evaporation from the surface of the soil. 


The next and last series of sprouting experiments* was made to 
study the effects of still smaller quantities of sodic carbonate, as the 
maximum amount of sodic carbonate which can be present without 
any serious disadvantage, evidently lies below one tenth of one per 
cent. 


* The results have been incorporated in the table under the heading of sodic 
carbonate. 


= Oa 


This last statement ought to be modified to some extent, be- 
cause there is no humus, or other substance, to ameliorate the action 
of the alkali, in which respect our tests do not resemble the true soil 
conditions. The humus in our Colorado soils is so small that it 
would, under all conditions, be a question whether its influence 
would be great enough to be observable. The result of this experi- 
ment was that the beet seed germinate more quickly in soils con- 
taining less than 0.10 per cent. of sodic carbonate, than in soils con- 
taining no alkali, but that the young plants cannot survive in the 
presence of 0.05 per cent. of black alkali, or sodic carbonate. 


THE CULTIVATION AND COST. 


General instructions for the proper cultivation of the sugar beet 
have been furnished to every section adapted to its culture, so that 
a repetition of them here’ would be useless, and I shall confine my 
statements on the subject of cultivation to a brief account of our op- 
erations, which I make that our conditions may be more fully ap- 
preciated. 

The ground was plowed and subsoiled to a depth of 14 inches; 
it was then harrowed, planked and replowed, and still its condition 
was not a desirable one. 

The seeds were drilled in, with the rows two feet apart, and the 
varieties three feet apart. The depth to which the seeds were put in 
was between two and three inches, but owing to the uneven condi- 
tion of the ground this varied greatly. The plots were all planted 
on May 18,1897. A rain storm set in on this day and the weather 
continued rainy until June 11. The beets began to come up on 
June 6, but, notwithstanding the favorable weather, they did not 
come up well. This was not to be explained by there being too 
much rain on a poorly drained soil, for on those portions which were 
under water for from three to five days there were many more plants 
than on some of the higher portions. The weather being rainy un- 
til June 11, the ground did not bake badly before the first hoeing, 
which was begun on June 14; but from this time on the soil baked 
badly and was very difficult to keep in any sort of tilth. 


THE APPEARANCE OF INSECTS. 


On June the 16th, I noticed a striped beetle, Systena txniata, at- 
tacking the leaves. These beetles seemed to come from an adjacent 
fallow plot, which was covered with poverty weed. By June 21; 
they had become quite abundant and done considerable damage. 


While the plants were quite young they were attacked by the 
leaf hoppers, Agallia uhleri, Agallia sanguineolenta and Agallia cinerea. 
Prof. Gillette, who determined these insects for me, is of the opinion 


that these hoppers did no appreciable harm, except while the plants 
were small. 
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Insecticides were applied on June 24, with very unsatisfactory 
results, and during the next few days it looked as though our insect 
enemies would defeat us. 


We had already observed an occasional individual much larger 
than the striped beetle, Monoxia puncticollis. This beetle had be- 
come plentiful by July 3, and was doing considerable damage. On 
this date we sprayed with paris green, suspended in water, one 
pound to 80 gallons. This gave us the best satisfaction of all the 
insecticides which we tried. 


THE EFFECT OF ALKALI. 


The first observed effect of alkali was on June 15 and 16, 
when we observed some plants, in spots, at the east end of the plot, 
drooping, just as some had done in our sprouting experiments. Ex- 
amination showed that the roots of the plants had been attacked, 
and were already black and dead. This was not due to the evapor- 
ation from the surface and concentration of the salts about the stem at 
the surface; such action was not observed until June 21, and was 
the worst in those spots where the efflorescences were the most marked. 
The effect of the alkali upon the roots was observed in spots where 
no incrustation appeared at any time. The presence of enough al- 
kali to actually destroy the young plants was confined to certain 
spots, which were small, and gave no other evidence of either greater 
abundance or variation in character than that of its effect upon the 
plants. In fact, it appeared to be less abundant in these spots where 
it was fatal to the plants, than in other spots, near by, where the 
plants did well in the midst of a thick incrustation. Local varia- 
tions in the composition, and, consequently, in the character of the 
alkali, within such narrow limits, may seem improbable to some, but 
I see no other explanation for these local eftects. 


I was not able to detect any corrosive effect of the alkali after 
the plants had become established, and the ground had been tilled 
and irrigated. 

IRRIGATION. 


The plot was irrigated twice, June 29-July 1 and August 18- 
20. The total rainfall for May, June, July, August, and Sep- 
tember, was 8.89 inches. The total time spent in raising the crop, 
exclusive of harvesting, was 330 hours, including man and team for 
25 hours. 


As the experiment was carried out on a piece of most refractory 
soil, the cost of raising the crop would be no criterion for the judg- 
ing of the cost of raising another crop under favorable conditions, 
therefore the details of cost are not given. The time given suffices 
to indicate that this particular crop could not yield a profit unless 
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we obtained a yield of upwards of 16.tons to the acre, and could sell 
it at four dollars a ton. 


THE SUGAR IN THE CROP. 


We began taking samples for the determination of the sugar 
content, and also for other purposes, on September 2, and took them 
weekly from that date until the crop was harvested, October 14. 


The plot represents three well-marked soils; the extreme west end 
representing a fine loam, the middle a clay soil, with some gravel, 
and the east end a gumbo. ‘The fine earth, or soil material, ranges 
between 91 and 95 percent. It bakes badly, and the air-dried lumps 
require the use of a pestle to break them. 


The varieties of beets planted were the Kleinwanzlebener, Vil- 
morin, Lion Brand, Lane’s Imperial, and the Imperial—four rows 
each. We always took three samples of each variety, corresponding 
to the different kinds of soil. Asa control, and for the sake of com- 
parison, one sample each of the. Kleinwanzlebener and Vilmorin was 
taken from the plots of the Farm Department. 


Our object was to observe the time when the sugar is formed in 
the beet most rapidly; to study, in other words, the effect of the de- 
gree of maturity upon the sugar content, and to determine, if possi- 
ble, what the effect of our bad soil conditions were upon both the 
formation and the amount of the sugar. 


The soil is rich in potash and soda, with an ample supply of 


lime and a fair amount of phosphoric acid, but it is rather poor in 
nitrogen. 


The sugar in this series of determinations was determined by 
means of Fehling’s solution, and the percentages represent the total 


sugar. I have made no distinction between sucrose and the other 
sugars. 


The numbers in the table represent the different soil conditions 
in our plot: Number one, for instance, always being taken along a 
line near the west end of the plot; number two along one across the 
nriddle,and number three near the east end. The stand in this, the 


east end, was very bad, and we could not adhere so strictly to a given 
line as at the other two points. 


It must be acknowledged that the weekly average for the sugar 
content has but little value, still I have introduced it that a general 
view of the rate of increase may be more easily obtained. 
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TABLE SHOWING PERCENTAGE OF SUGAR. 
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The increase from September 2 to 


tive in all cases. 


the 14th. 


15, inclusive, was posi- 


But the samples taken on September 22 show a 
falling off, which is not wholly regained by all the varieties until 
October 13. The cause of this is, I think, a rainfall amounting to 
.74 inch, which took place between September 10 and 14—mostly on 


It did not produce a second growth. 


The beets were still 
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in such condition that they could continue their development with- 
out putting out new leaves, but they increased quite markedly in 
size, and the condition of their roots indicated plainly that they had 
taken on greater activity and were feeding vigorously. I think that 
the apparent falling off of the sugar content indicated a relatively 
greater increase in the other constituents than any decrease in the 
sugar. The average weight of the beets during this period corrob- 
orates this view. In cases where a second growth has taken place the 


results are unquestionably different, for then new leaves are put 


forth, and the supply of food stored is begun to be used up. 


By the beginning of the second week in October the leaves be- 
gan to turn yellow, and the plants showed signs of ripening. My 
opinion is, that it was rather a case of starvation than of natural 
maturing. The outside rows, in the case of every one of the varie- 
ties, and especially the ends of the rows, were much slower in show- 
ing these signs than the inside rows; further, the other plots on the 
Farm did not show the same signs of maturity for more than two 
weeks after this. The beets were all pulled on October 14. 


A comparison of those samples numbered three throughout 
the table, with the others, gives an exaggerated view of the effect of 
very unfavorable conditions. I avoid saying alkalized soil, because 
I am by no means convinced that the effect, so evident in this case, 
is a direct result of the action of the alkali upon the plant. J am 
rather of the opinion that the same soil conditions, in the absence 
of alkali, would be quite as pronounced in their effect as that ob- 
served in this case. There is no reason why just as unfavorable con- 
ditions should not exist without the alkali; but, the fact remains 
that we have both in this instance. 


The observable effects were, a very poor stand and small beets, 
having, for the most part, an exceedingly bad shape. The plants 
did not scald as I expected that they would, and as they did doin 
some parts of the plot. Whether this was due to a partial adaptation 
on the part of the plants, or due to other causes, I am unable to state. 
The appearance of the beets indicated that it was the former. The 
Kleinwanzlebener and Vilmorin, given as the sixth and seventh va- 
rieties in the table, are samples grown on good soil by the Farm De- 
partment, the Kleinwanzlebener on alfalfa sod. They were taken 
in order to have some comparable standard. They seem to have re- 
sponded more quickly than my less favorably conditioned plot to 
the rain of September 14, and also to have gained in their sugar 
content rather sooner than mine. 

I have included my sample number three in all of the weekly 
averages. ‘This is perfectly proper, as the value attached to these 
averages, and the purpose of their introduction into the table, have 
been stated ; but, in trying to form a judgment of the effect of alkali 
upon the sugar content of the beets, this sample ought to be excluded, 
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because the quantity of alkali was so excessive, or, as I believe, the 
other soil conditions were such that really no crop was grown. If it 
had been due to excessive alkali the samples numbered one ought 
to approach those numbered three much more nearly than they do, 
for the soil at this point carries much more soda, sulphuric acid and 
magnesia, with almost exactly the same amount of potash. In ad- 
dition to these facts, the soil water in this portion of the field carries, 
at times, quite as much in solution as that from the east section, or 
section three, though the amount is usually less by from 10 to 80 
grains per gallon. The water from the former carries from 150 to 
200 grains per gallon, while that from the latter carries from 200 
to 250. This subject of ground water will be treated of at another 
time. 


The amount of alkali in the section represented by samples 
numbered one, being only slightly, if at all, less than in number 
three, but, the soil being in much better tilth, affords us better data 
on which to base our judgment. 


The section represented by samples numbered one is in good - 
condition and quite well drained, though it is on the western edge 
of this alkalized basin. Were it not for its proximity to the lower 
land it would be considered excellent, but an analysis shows it to 
contain more soda and sulphuric acid than the rest of the plot. 


In order to judge of the effect of the alkali upon the sugar con- 
tent in the beets, I think that we should take the 'arm samples and 
numbers one and two, taken October 13. The crop had, at this 
date, reached its maturity—even the beets on the Farm plot, though 
remaining unharvested for a long time, showed only a moderate 
gain, not really large enough to positively place it beyond the dif- 
ferences in individual samples, after this date. In this case we ob- 
serve that the Kleinwanzlebener, Vilmorin, Lion Brand, and Imper- 
ial, grown on my plot, and the Kleinwanzlebener and Vilmorin, 
grown on the Farm plots, are quite close, containing, in the order 
given, 12.15, 12.49, 12.84, 13.61, 12.32 and 13.02 per cent., while 
the samples from my plot numbered two, and taken in the same or- 
der, show 14.70, 10.13, 13.61, and 15.20 per cent.sugar. There is no 
room for question as to the character of the soils on which these 
samples grew. That on which the Farm samples grew, particularly 
in the case of the Kleinwanzlebener, is as free from alkali as any of 
our soil and was in good condition. The same is true in regard to 
the mechanical condition, though to a less extent, perhaps, of that on 
which my sample numbered one was grown, while that on which 
my sample number two grew was strongly alkalized, but the beets 
were richer in sugar than those grown on land practically free from 
alkali. This is true, also, of the samples taken on other dates, and of 
all the varieties, with few exceptions. 
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I conclude that the effect of white alkali, to the extent that it is 
present in this soil, is, of itself, not detrimental to the sugar beet, So 
far as its sugar content is concerned. This, though quite contrary 
to my preconceived notions, based upon previous but limited _obser- 
vations, is in harmony with the conclusions of Hilgard and Lough- 
ridge, who conclude, from their investigations made at Chino, Califor- 
nia, that beets grown in soil carrying large amounts of alkali may be 
of good quality, both in regard to their purity and the percentage of 
sugar contained. 

The causes of the low sugar content in the samples numbered 
three will be studied during the present season. It is evident from 
the uniformily low percentage of sugar and the low co-efficient of 
purity that there is some condition obtaining which is very harmful 
to the piant. Indeed, I am justified in making the statement, that 
in this section of the plot, the beets did not grow at all. 


The table exhibits another interesting point, 2. ¢., the time of the 
most rapid increase of sugar in the crop, and how it may be influ- 
enced by the weather, and the condition of the crop at the time, for 
instance, of a rainfall. From September 2 to October 13 there 
is an increase of from three to five per cent., which is unevenly dis- 
tributed throughout the six weeks, and much less evenly in my sam- 
ples than inthe Farm samples. Up to October 6, no marked increase 
in the percentage of the sugar had been observable. On the con- 
trary, there had been fluctuations depending, as already pointed out, 
upon the weather and the condition of the crop. But, from October 
6-13, there is a very marked rise in the percentage of sugar in five 
out of the six series, and a small increase in the sixth, which had 
shown an increase of about two per cent. during the preceding week. 
On October 6, the Kleinwanzlebener from the Farm plot, was the only 
variety yielding marketable beets, unless we include sample number 
two, of the Imperial. On October 13, however, there is only one sam- 
ple falling materially below the standard of 12 per cent. This 
change, which we speak of as the maturing of the beet, makes a dif- 
ference of from two to three per cent. My plot was harvested on 
October 14, and no opportunity was had to observe the deposition of 
the sugar subsequent to that time, but the Farm plots were not har- 
vested until some days later, because they gave none of the accepted 
signs of ripening. I took another sample of the Kleinwanzlebener 
variety on October 21, and found 12.30 per cent., with a purity co- 
efficient of 82. 


This plot of beets had, according to our samples, been practi- 
cally stationary in the percentage of sugar from October 6 to October 
21, but the crop was increasing, at what rate I did not attempt to de- 
termine. Owing to the failure of this crop to ripen, i. e., to show the 
usually accepted signs of ripening, a portion of it was allowed to re- 
main in the ground, and was subsequently covered with straw to 
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protect the beets against severe freezing. A sample taken De- 
cember 19 showed 12.7 per cent. of sugar, and co-efficient of purity 
81. Another sample taken at the same time, and sent to Grand 
Island, Nebraska, showed, sugar 13.7 per cent., purity 86. My check 
on this showed, sugar 13.12 per cent., and purity 81. This is as 
close as can be expected, when it is considered that the samples were 
not parts of the same beets, and both had dried out to some, but 
probably to different, degrees. 

On December 30, I took another sample and obtained, sugar 
12.54 per cent., purity 85. The last of the beets were dug January 
7, 1898, and showed 12.92 per cent. sugar. This is the average of eight 
beets tested individually. We see that, in this case, in which the 
variety was Kleinwanzlebener, taken from the same plot, we have a 
difference of less than 1 per cent. in the increase of the sugar from 
October 6 to January 8, but there is a positive increase, and it is not 
to be accounted for by the shrinkage in the crop. It would not be 
Just to take the result obtained at the Grand Island factory as the 
maximum, because these beets had dried out to someextent. There 
is no question but*that the determination is correct, but the sample 
was no longer representative. 

I believe that this plot of beets represents the average sugar beet 
grown in this section of the state, and, so far as my observation goes, 
it represents the beets of the state. The average found by this Sta- 
tion from 1887-1896, inclusive, is 12.8 per cent. sugar, which is es- 
sentially the same as shown by the crops grown at the Station this 
year, and analyzed within a few hours after being pulled. 

The time elapsing between the pulling of the beets and the mak- 
ing of the sugar determination, together with the care of the sample, 
is of the utmost importance. Indeed, there is no difficulty at all in 
making a most excellent showing for a very poor crop of beets. 


THE DISTRIBUTION OF THE SUGAR IN THE BEET. 


This question was raised incidentally during our study of the 
feeding value of the trimmings of the beets—that is, the tops of the 
beet removed. It has been claimed, and experiments made to show, 
that the percentage of sugar present in the beet increases from the 
ton downward. 

My time did not admit of my extending the series of analyses 
too greatly, so I have taken the larger sections, thirds, by weight. 
If there is any difference of sufficient magnitude to be of any prac- 
tical importance, we should find it between the first and third thirds, 
numbering from the top downward. 

The beets used were of the Kleinwanzlebener variety, freshly 
dug, and of medium size. The crown was not removed. 

The sugar beet, with us, grows almost wholly under ground, 
and the question of crowns is of much less importance than in some 
other places. 


[fae 


SUGAR IN THE RESPECTIVE THIRDS. 


Co-eff. 
Thirds.| Percentage Percentage |Total Solids in|_ of 
Sugar in Juice.|Sugar in Beets. Juice. Purity. 

BeotaNowiacs ovate sie: 1 12.70 12.07 14.660 87 

2 12.50 11.88 14.356 87 

3 12.30 11.64 14.312 86 

BeatuNOss csccowie \eeics sc Sasaseteccevere 1 13.30 12.64 16.646 80 

2 13.70 13,02 17.396 79 

3 13.90 13.21 17.596 79 

Beate NOT Sie sacsess is. «cscs iceccleteieters 1 13.40 12.73 15.437 87 

2 13.80 13.11 16.185 85 
3 14.00 13.80 15.934 

IBOetHNOs 4a acces cics teins eriscciecate il 14.00 13.30 16.236 86 
2 14.40 13.68 16.352 

3 14.10 13.40 16.213 87 

Beebe NOt dena ae thins sels aaedicoeee 1 14.60 13.87 16.701 87 

2 14.30 13,78 17.155 85 

3 14.60 13.87 16.608 88 

IBGOCYNOAG sag sicessicsictswveisie wastes il 14.60 13.87 16.701 87 

2 14.60 13.87 16.701 87 

3 14.50 13.78 * 16.440 88 


The sugar was determined by means of the polariscope, but no 
sample was repeated less than four times; besides, I checked my read- 
ings from time to time by means of test plates. 

The specific gravity was determined by means of the West- 
phal balance. This series does not show any pronounced difference 
between the thirds, taken by weight. There is, in three cases, less 
sugar by 0.60 per cent. in the first one-third than in the third one- 
third, but in the other cases there is practically no difference. In 
taking the thirds by weight, the first one-third includes that portion 
usually trimmed off as objectionable, but neither the sugar content 
nor the co-efficient of purity shows any marked inferiority of this por- 
tion of the beet. I will anticipate a subsequent paragraph to the 
extent of stating that neither the amount of dry matter nor the per- 
centage of ash indicates any reason why the crown should be much 
inferior to the rest of the beet. The averages for all the respective 
thirds show a difference of less than two-tenths of one per cent. of 
sugar in favor of the lower two-thirds of the beet. This is of some 
interest to our farmers, as they can market practically the full weight 
of their crop. 

SUGAR IN THE CROWNS. 


I, unfortunately, did not make the determination of the sugar 
in the crowns from perfectly fresh beets, but used beets which had 
been stored for a few weexs in the root cellar. I, however, got beets 
which had been covered with fine soil, and which was still as moist 
as it was at the time the beets were harvested. 

By crown, or neck, I mean that portion of the beet between the 
base of the leaves and the transverse line, showing in a vertical sec- 
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tion of the beet, and transversing it from a point just below the out- 
ermost row of leaves. 

The beets selected were, perhaps, rather above the average in 
size, and 14 in number. The average weight of the crowns, as de- 
termined from another similar lot of 22 beets, was 136.36 grams, or 
four and four-fifth ounces. This was about 13 per cent. of the beets. 
The sugar in the crowns was 15 1 per cent., with a co efficient of pur- 
ity of 82.35; the sugar in the beets was 16.1, and the co-efficient of 
purity, 88. Six beets were y-ed in the sample for the sugar deter- 
mination. The result, however, gives us a full answer to the ques- 
tion as to the sugar value of the crowns, 7. e., that it is about one 
per cent. less than that of the beet. While the statements in this 
paragraph agree with those made on this subject by others, in mak- 
ing both the percentage and purity somewhat lower than in the 
beets, my results make the difference much less than that given by 
others. Ware, in“ The Sugar Beet,” page 86, quotes Champignon 
and Pellet as making the difference 2.60 in the percentage of sugar. 
The Cornell University Agricultural Experiment Station Bulletin 
143, makes the difference vary from 1.55 to 2.90 per cent. of sugar, 
and from 6 to 14 degrees in the purity. The crown, in this case, is 
really a structural portion of the beet, and not an indefinite part of the 
root, which has been exposed to the action of the light and air with- 
out protection, except that furnished by the foliage. The leaves being 
very heavy, furnish more protection to the beet grown here than is 
usual in other sections, but, aside from this, the sugar beet with us 
grows entirely under ground. 


THE EFFECT OF FREEZING UPON THE SUGAR CONTENT. 


I regret that my observations on this interesting point are not 
more extended. The samples in which the sugar was determined 
were frozen in the ground, but under a covering of straw or earth. 

Sample No. 1—Upper third frozen ; sugar in juice, 13.5 per cent. ; 
sugar in beet, 12.82 per cent. ;* purity, 78. The second third was not 
frozen; sugar in juice, 12.6 per cent.; sugar in beet, 11.98 per cent. ; 
purity, 91. The bottom third not frozen; juice, 12.6; beet, 11.97 
per cent. sugar; purity, 81. 

Sample No. 2—Upper third frozen; sugar in the juice, 11.50 
per cent.; sugar in the beet, 10.93 per cent.; purity, 73. Middle 
third frozen ; juice, 11.7 percent. ; beet, 11.11 per cent. sugar; purity, 
70. Bottom third not frozen; juice 15.1 per cent.; beet, 14.34 per 
cent. sugar; purity, 88. 

Sample No. 8—Frozen solid; juice, 15.00 per cent.; beet, 14.25 
per cent. sugar; purity, 84. 


* This solution being unsatisfactory, the sugar was redetermined by means of 
Fehling’s solution, and showed 13.11 per cent. sugar in the beet. 
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Samples No. 1 and No. 2 were individual beets. No. 1 weighed 
42 pounds, No. 2 weighed 2 pounds. Thesample of this plot, taken 
October 13, contained 12.32 per cent. sugar, and samples taken later 
ran as high as 12.9. The average of these beets is 12.2 per cent. 
from which, it appears, that the sugar has suffered no diminution, 
while its redistribution in the beets is very marked. 

Sample No. 3 was harvested October 29, and a part of the sam- 
ple was placed in a shallow silo immediately, in order to avoid any 
loss of water due to direct exposure to wind and sun; the rest of the 
sample was taken to the laboratory and the sugar determined. The 
silo was opened December 19, and the beets found to be frozen hard. 
The sample analyzed, October 29, showed 14.03 per cent. of sugar, 
with a co-efficient of purity of 82, while the frozen sample of De- 
cember 19, showed 14.25 per cent. of sugar, and a co-efficient of pur- 
ity of 84. 

Simple freezing does not cause any change in the sugar. This 
is an important consideration, or would become so, if our farmers 
were raising beets for a factory. If thawing could be prevented, the 
-erop is not necessarily lost, if once frozen. 


THER DRYING OUT OF BEETS. 


I have already made incidental reference to this subject. It is 
of interest to both the producer and the manufacturer. I stated in 
a former paragraph that it is an easy matter to make a really poor 
crop appear to be a good one. It has, for years, been a cause of | 
complaint that parties could always obtain better results from their 
samples by sending them to the Agricultural Department at Wash- 
ington, than by sending them to their home Station. The Station 
undoubtedly gave them too high results in the great majority of 
cases, and the Department, at Washington, has been giving them — 
still higher, and yet, both of them have been giving them correct | 
results for the samples as analyzed ; the samples, however, have not | 
been representative of the crop as it stood in the field. 

The Department, at Washington, has repeatedly called attention’ 
to this fact. Dr. Walter Maxwell, in his report to Dr. Wiley, records 
several series of experimenjs made with the object of determining / 
the amount of this loss, which he gives, as varying from 16 to 26 per 
cent. for beets tied up in a sack, and kept from the wind and sun 
for a period of seven days, and from 23 to 35 per cent. for beets un- . 
der normal exposure to air and sun for the same length of time.. 
Dr. Maxwell makes the average loss, in the case of beets protected . 
from the action of wind and sun, 20 per cent. in seven days. 

‘It may be well to put this statement in a more concrete form, | 
as we receive samples which have been pulled, or harvested, longer 
than this, and kept without any protection whatever. Assume that! 
our sample, as received, weighs 40 ounces, and the juice shows a. 
reading of 15 per cent., we report the sugar in the beet as 14.25 per 
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cent., showing the presence of 5.7 ounces of sugar. The amount of 
sugar given is correct, but the percentage of sugar in the beets is 
entirely too high, for the percentage is calculated on 40 ounces of 
beets, whereas, it should have been calculated on 50 ounces, and the 
percentage of sugar in the beets, as harvested, was only 11.4 per 
cent. 

Dr. Wiley, in his report on the experiments with sugar beets in 
1892, says: ; 

“Again, ihe loss of moisture during transportation, or fail- 
ure of the farmers to send their beets in as soon as harvested, may 
tend to reduce the amount of water present in the beet, and to raise 
correspondingly the quantity of sugar therein.” In speaking of beets 
received from California, he says: “In this connection, however, it 
must be remarked that the beets were long in transit and must have 
lost a considerable quantity of water. They were somewhat wilted 
and shriveied in appearance when received. Such beets, of course, 
would indicate a higher percentage of sugar than they would really 
contain in a fresh state, and the same remark may be applied to the 
beets shipped any distance by mail, or to beets which have been ex- 
posed any considerable time to the air after harvesting, before the de- 
termination of the sugar.” In speaking of the Colorado samples, he re- 
peats the same, saying: “In regard to the content of sugar shown 
by these samples, the remark made with reference to California must 
be made here, viz., that the amount of sugar indicated on analysis is 
higher than that actually present at the time of harvesting, on ac- 
count of the loss of water, during transportation.” 

These quotations are sufficient to show that the Department of 
Chemistry, at Washington, is fully aware of the error in the analysis 
of beetssent from this and other Western states, and no blame 
can, in any way, attach itself to them, because the figures given for 
the sugar in our beets is too high, by several per cent.—2.8 per cent. 
in the assumed case, which is far inside the facts. 

This subject has a much wider bearing than the mere fact that 
determinations made, upon presumably identical samples, here and in 
Washington, do not agree. The Department of Chemistry has re- 
peatedly warned the readers of its reports, that the figures are too 
high, and have given data by the aid of which an approximate cor: 
rection can be made. I wasnot aware of Dr. Maxwell’s experiments 
when I made mine, but I am gratified to find that the general re- 
sults agree with his, though they differ in degree, owing, probably, to 
differences in the condition of the beets at the time of harvesting, 
the temperature, moisture of the atmosphere, ete. 

My first experiments were made by taking two series of samples, 
wrapping the beets separately in paper, and placing them upon the 
cellar floor, which is the earth of the cellar, without covering. The 
light was very moderate. The samples were weighed, from time to 
time, during 17 days. A third sample was subsequently taken, but 
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the conditions were different; the beets were maturer and had lain 
several weeks in the root cellar before taken for this experiment, 
which was made in the laboratory. After the first two days the 
beets were wrapped up carefully, and covered with four thicknesses 
ef gunny sacking, to protect them more fully from the light. The 
maximum temperature in the laboratory, during the experiment, 
was 69° F., and the average about 60° F. 


LOSS OF WEIGHT DUE TO DRYING. 
Experiment No. 1. 


Date of Weighing. eerie. Total Loss.| Per Cent. eee REMARKS. 
Grams. Total Loss Day to Day. 
Ostobery6 seu ess. 2012 a8 tees sees +e: 
October 7.........0-+. 1902 102 4.8 A.B, i|leiacessteis. cops eters ores Pel seeetor 
October 8.5... 1. sees 1838 176 8.0 Bids  allpniccinepescdontiae doa cc aobe hs 
October! 9.n-..ccese-| 1775 237 11.3 B18) ‘llassce hese eee 
October lessees 1668 344 17 1 6.1 Average per day, 3.0...... 
October 32a neem cee 1584 428 21.2 5.0 Average per day, 2.5...... 
October 16............. 1455 557 27.7 8.1 Average per day, 2.7......, 
OMctoberilSseeeiscs ones 1392 620 30.8 4.3 Average per day, 2.1...... 
October QUy crass semis 1302 710 85.2 6.5 Average per day, 2.1...... 
Octoberi23enaiica- nan: 1240 772 38.3 4.7 Average per day, 2.3...... 
Haperiment No. 2. 
October) Ga snae a 1536 aks saats roca. | Miele isreie wlelevers oleate me eraetetene On) 
Octobemklaneeecm rane 1446 90 5.9 5.9! s|duatremestre te ore eenleteen neces 
October «8.0 sce sales 1388 148 9.6 ye A ae ne od Gnas 
October: 95 ¢ccccuss oo oe 1348 193 12.6 3.2 ay sre re bAtaha a <etNie ees poM eR Tonos 
October Dl. 4.5. cascree 1268 268 17.6 5.6 Average per day, 2.8...... 
Octoberi3s, dines a5 1197 339 22.1 5.6 Average per day, 2.8...... 
October 165....2..2¢ 05+ 1099 437 28.5 8.2 Average per day, 2.7...... 
October lS ceo... ee 1052 484 31.5 4.3 Average per day, 2.1...... 
Octoberi2iveaes.cssase 987 549 B77) 6.2 Average per day, 2.1...... 
October Wek. cde crc. 945, 591 38.5 4.3 Average per day, 2.1...... 
Experiment No. 3. 

SAMUALY MS sa see wii tite ss 55LT Sieh AAG seine __ Eltesesecaitetoeveleratele et op Sav Ra TeRR ees a 
(Aubin? “i spopoaed sree 5226 291 yer by MEE (GRRR EARNERS OsSonco0K. 
SANUAN ALD aero es 4933 574 10.4 5.4 as 
JRNUALY Osc rere 4672 845 15.3 BD | “| naserelereve anieve sits v's a sisi MONG eee ate 
Vanwaryeieee income 4532 985 17.9 SiO. Rca Weatewiastestehehielecesnlereeees 
CEE AS Me tonno mame cade 4379 1138 20.6 3.4 F, 
PANUALY Ory ics cneits 4258 1259 22.8 2.8 es 
JANUBry LOvssce vetoes 4162 1355 24.5 DB) Nas carats hdsocete eversiatece re terere erence ee 
SAUNA LY Lene enitoom aes 4055 } 1462, 26.5 2.6 ae 
ARE ai norcdeacoo. 3953 1564 28.3 YA) (ERR SABRC A SAAC Soar 5 
CES ATET OBES sodoo wunaes 3853 1664 30.2 2: fy lls elsictelare's witiste te ahete ete tous oe ener 
January Aer eaee eee 3744 1773 By | 258; . >) “Wheisiae! ecctemigcies ates tortion meme 4 
QAMUBLYe LD. a nee 3649 1868 33.9 2.5, Jlncascvatinvie naa teea eet ees 
Janmary 16,55. esecnee 3562 1955 baa 2.4 2, 
January (acess 3487 2030 36.8 2.4 

vanuary Loon aeere 3423 2094 37.9 1.8 se 
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The experiments agree in showing a loss of rather more than 
38 per cent. in 17 days, and also quite a uniformity in the rate of 
loss, with the greatest irregularity during the first days of the exper- 
iments. The maximum of loss, for any single 24 hours, is 5.4 per 
cent. of the weight of the beets at the beginning of the 24 hours. 
It fell from this to about 2 per cent. for each 24 hours, where it re- 
mained. Dr. Maxwell made the loss equal to 20 per cent. of the orig- 
inal weight in seven days. I make it rather more, due, probably, 
to differences of conditions, but there is a substantial agreement be- 
tween our experiments. 


The farmer will appreciate these figures more fully, perhaps, 
when they are converted into other terms. They mean this to him, 
z.e., 1f he has a crop of beets of 20 tons to the acre, and delays 
marketing them for 24 hours, he has lost one ton, or one twentieth of 
his crop, and if he delays a week he will lose one fifth of his crop, 
by weight. The percentage of sugar will be higher, but the tonnage 
less, by the amount of evaporation, whatever that may be. 


It is evident that such large losses totally destroy the value of 
samples sent to the Station for analysis, unless great care is exercised 
by the sender, that the beets reach us in as fresh a state as possible, 
and if they are not quite fresh, the analysis has no value to either 
the sender or to anyone else. In illustration of this, I give the sugar 
content of the samples used in the experiments just detailed. A 
sufficient number of beets were taken from each lot, at the beginning 
of the experiments, to give us representative sam)les, and the sugar 
was determined in them while the samples were perfectly fresh. 
The sample used in experiment No. 1 contained 9.8 per cent., 
that used in experiment No. 2 contained 9.3 per cent., and that used 
in experiment No. 3 contained 14.4 per cent. of sugar. At the end 
of the experiments, the 9.8 per cent. of No. 1 had become 15.5 per 
cent., the 9.3 per cent. of No. 2 had become 12. 6 per cent., and the 
14.4 per cent. of No. 3 had become 21.6 per cent. 


The difference in percentage, shown in samples analyzed im- 
_mediately after being pulled, and after exposure in the field for 24 
hours, was almost exactly 1 per cent. This difference would make 
the average percentage in the beets from our plots 13.3 per cent. and 
13.7 per cent., instead of 12.3 per cent. and 12.7 per cent., respect- 
ively. 

THE LOSS OF SUGAR ON LONG DRYING. 


This question is not of so great and immediate interest to the 
raiser, unless the factory should refuse to buy and hold the beets, 
but require the raiser to either hold them until the factory could 
work them up, or, in some way, make the raiser share the loss dur- 
ing storage. 
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The loss of sugar in the third experiment was quite significant, 
amounting to 1 ton in 14 tons of sugar, and this was with mature 
beets, kept 15 days; but the largest loss was observed in the second 
experiment, continued for 17 days, in which the loss of sugar 
amounted to 1 ton in every 6 tons. The loss of sugar in the 
beets used for the first experiment was quite small, amounting to 
only 1 ton in 40 tons. ‘This question is, in all cases, of suffi- 
cient importance to deserve the attention of the factory people. Itis 
not likely that such high losses, as occurred in experiment No. 2, 
would often be met with, because these beets were not mature, but 
those used in experiment No. 3, were such beets as would be readily 
marketable. This loss of sugar was not due to heating or ferment- 
ing, as the term would usually be understood by the farmer; there 
were no visible marks by which one would judge that any fermen- 
tation process had been going on. 


I will state in detail the second and third experiments, lest some 
one should be confused by the two statements that there is a gain in 
the percentage of sugar caused by the drying out, and that there is 
also a loss of sugar. The original weight of the sample was 1536 
grams, and the percentage of sugar 9.38 per cent., which gives us 
143.0 grams of sugar; the weight of the dried-out beets was 946 
grams, and the percentage of sugar was 12.6 per cent., which gives 
us 119.0 grams of sugar. We had, however, 143 grams of sugar to 
start with, and only 119.0 grams at the end, or a loss of 24 grams, 
a trifle over one sixth of the sugar present. 


In the third experiment, the original weight of the sample was 
5517 grams, and the percentage of sugar was 14.44. per cent., show- 
ing the presence of 796.59 grams of sugar; at the end of the experi- 
ment there remained 3423 grams of beets, having 21.57 per cent. of 
sugar, 2. e., there was only 739.3 grams of sugar, or 57.2 grams less 


than we had at the beginning; one fourteenth of that present in the 
fresh beets had disappeared. 


These examples will suffice to illustrate the importance of this 
question, and, also, that there is a loss of sugar, while there is an in- 
crease in the percentage of the sugar in the beet. 


THE YIELD OBTAINED. 


The varieties of beets planted were five in number: Kleinwanz- 
lebener, Vilmorin, Lion Brand, Lane’s Imperial, and Imperial. The 
stand in parts of the plot was thick, and in, probably as much as 
two thirds of it, the stand was good, but in the other third it was ex- 
ceedingly poor. The poor stand, in this part of the plot, was not 
wholly due to failure of the seed to come up, but partly to drowning 
out of the young plants, and partly to the action of the alkali. The 
plants were thinned to nine inches apart. It was necessary to let 
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them stand much longer before thinning than I desired, owing to the 
attack of insects, and to the dry weather. The beets, in the mean- 
while, had grown so large that it was found impossible to pull the 
plants without serious injury to the ones we wished to leave, so we 
thinned them by cutting them out to the desired distance apart. 
The beets were harvested on October 14, and gave the following 
yields: 


YIELD PER ACRE. 


Tons Beets Tons Tops 


Variety. per Acre. per Acre. 
Mlomwanzlabener =. 5 tee acco ene co.cc ce ced 7.9 Gar 
VSG ORS Ta eo RES 528 Bes Oe re ne 8.6 7.9 
SEH CEI aa 1) Chere Om ose Ste ee Yas el Seis a Siok Sen bts Sell TO) 
MAO Beh MAPGLIal Laer Aeeyeel ate occ th ae ar taiere's fs 15.9 Goll 
LOW OY GY Bike eg ei ae ee ce aoe 11.8 10.6 


I learn from Prof. Cooke, in charge of the Department of Agri- 
culture, that the yield of the College plots varied from eight to 
twelve tons per acre. It is clear that the yield from my plot does 
not vary enough from that of the other plots to justify the inference 
that the alkali had any influence upon theyield. The gross results, 
however, are not altogether conclusive, for the stand on the Farm 
plots was seriously affected by a spell of bad weather at planting 
time. My plot was sown at about the same time, and the stand was, 
on an average, poor enough, but other factors entered so largely into 
the question, that it is doubtful whether I would have had any 
better stand if the weather had been more favorable. The beets 
from the Farm plots were, as a rule, much finer beets, in shape and 
general appearance, than mine. I think that the coincidence, in the 
yields of the different plots, is accidental. The fact that they were 
grown under the same conditions, as to the weather, does not make 
them fully comparable. 


RATIO OF BEETS TO TOPS. 


Ware, in “ The Sugar Beet,” p. 93, says: “As a general thing, 
it is admitted that the weight of the leaves, in a given crop, is about 
equal to one half that of the roots, and one fourth to one third for 
beets containing 8 to 9 per cent. of sugar.” Wiley, quoting 
from McMurtrie’s Report, says: ‘“ Corenwinder and Contamine find 
that there is a relation between the size of the leaves and the rich- 
ness of the roots; that roots which bear leaves of broad surface, are 
generally more rich in sugar than those having small leaves upon a 
contracted top, and these facts are confirmed by an analysis of sub- 
jects taken from the same field.” At the same time, Deherain con- 
cludes, from his researches, that the weight of leaves of small beets 
is relatively greater than is produced by larger ones. 
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The tables, quoted both by Ware and McMurtrie, are given pri- 
marily to show that beets with heavy tops are richer in sugar than 
beets with lighter tops, and give us the ratio of the tops to the beets. 
It is for this purpose that I introduce them here: 


Per Cent. WG ight of Wea 32 eae Per es 
VARIETY. Sugar oots. fo) ‘ops to ro) 
in Juice. | in Grams. Tops. Beets. the Beet. 
Pinetop 00. bch. alec kate GeO 1393.0 | 281.0 1: 4.95 20.0 
IPinksWOp wD tern e@s;c.teoelsiede/oiis sce cere oer 10.18 984.0 375.0 1: 2.63 38.0 
MATA TOV.Ed sik OOS eajeieietels'a(ole(o.c0s al enieiorercler= 14.42 863.0 531.0 1: 1.62 61.0 
TMM PLOVEC Oe livariiins Selelwiiepiceiiece sels 14.78 787.0 531.0 1:1.48 67.5 


Other tables given, show that the weight of the leaves varies 
from 25 to 63 per cent. of the weight of the beets, and stress is laid 
upon the fact, that the sugar content increases as the ratio of the 
weight of the leaves to that of the roots increases. 


The only other statement that I have been able to find, touch- 
ing the relative weights of the tops and the roots, is given in Cornell 
University Station Bulletin 143, where it is shown to be, in one 
experiment, about 1:5, or, more exactly, 20.29 per cent., and in an- 
other, 1: 3, or 35 per cent. These statements are not at all applica- 
ble to the beets grown in Colorado. The figures given on a previ- 
ous page, under the caption of “The Yield Obtained,” show that but 
one out of the five varieties yield 2 tons of beets to 1 ton of tops; in 
other words, that only one variety approached the rule, that the 
weight of the tops equals about one half the weight of the roots. 


The figures given on the preceding page is for beets and tops 
trimmed as they would be for siloing, and not for factory use; if 
they had been, the Lane’s Imperial would have given a much 
smaller weight of the beets, owing to their green necks, caused by 
their growing well out of the ground. 


It isa patent fact, that the ratio of the weight of the leaves to 
that of the roots is less, at the time of maturity, than before this 
period, and that a study of this relation, prior to a reasonable de- 
velopment of the roots, would have no general interest. I began 
the study of this, and all the subsequent subjects, at the same time 
that I began to determine the sugar content of the crop, ¢. e., Sep- 
tember 2. The beets had already attained a fair size, the average 
weight of 93 beets, pulled on this date, being a trifle over 15 ounces, 
and the largest beets were always avoided. The sugar in the sam- 
ples taken, on the respective dates, is given in the table under the 
caption, “ The Sugar in the Crop.” 
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RATIO OF LEAVES TO ROOTS. 


| 
D | Nom- | Weight of | Weight of |Weikht of ‘To 

— Variety. me Tops. Beets. to Weight on 
‘| Grams. Grams. Beets, 

September 2.......... | Kleinwanzlebener ........ 18 13111.7 9950.5 1:0.76 
iVAlmMorine re ses ee ocee ss pall 1S 9273.6 6398.0 1:0.69 
| bions Bran). sive sve eke 18 12832.7 7461.6 1:0.58 
Lane’s Imperial .......... 9 3218.5 5964.7 1:1.85 
EMPORIA) Co persen <ie-cs arswiaieet 18 9152.1 5443.0 1:0.59 
| Kleinwanzlebener No. 2... 6 4485.1 3898.2 1:0.87 
| Vilmorin No. 2..........5. 6 2789.6 2381.4 1:0.85 
September 8......... Kleinwanzlebener ........ 12 8708.9 5261.6 1:0.60 
Wilmoritin cc cdestestecesc i) 25 8448.8 6962.7 1:0.82 
ions Brand eee. sasces 14 9121.6 7805.2 1:0,.85 
Lane's Imperial........... 11 5624.2 7756.4 ie ey) 
Emp perinl taescsee <0 ces cee 15 8060.0 6668.6 1:0.82 
Kleinwanzlebener No. 2..| 6 3487.1 3900.9 Poa Stt 
Vilmorin No. 2..........-. 2 1905.0 1474.2 1:0.77 
September 15.......... Kleinwanzlebener........ 14 11475.8 8584.0 1:0.74 
WilmMoOriiysecieessacsiete <ro0os 14 9253.2 8675.8 1:0.93 
Bion? Brands.c1 vn idee s ses 12 7783.7 5057.5 1:0.66 
Timpenidiews: cos cckeowss secies 14 11396.4 8447.9 1:0.74 
Kleinwanzlebener No. 2... 2 2336.0 2381.3 1:1.05 
Valnrorine Nose. its sits ere 2 1134.0 1564.9 1:1.38 
September 22..........| Kleinwanzlebener .... .... 24 22021.8 15932,3 1:0.72 
Wi OETEVE eerie stevens eo era 25 17864.0 17417.8 1:0.97 
TON Brand «252.203 sects 26 16635.4 12859.3 1:0.77 
Lane’s Imperial........... 16 7688 .4 13743.8 1:1.78 
EMPOCLIAl oc oucce cis sess voce ee 26 19106.3 13131.4 1:0.69 
Kleinwanzlebener No. 2.. 2 861.8 1224.7 1:1.33 
VilMOrinINO. 2s: alesis 2 1406.1 1247.4 1:0.86 
September 29.......... Kleinwanzlebener ........ 12 6005.9 7484.2 1:1.25 
Wailmorin sy. tcss seen eeeke 12 6395.7 6417.2 1:1.00 
PAGHEBPANG W505 sslrisins coher 12 5896.7 5465.8 1:0.93 
Fen r  Aea een seem ok 12 6373.0 6551.4 1:1.03 
Kleinwanzlebener No, 2.. 2 1179.3 1247.4 1:1.00 
VilutorinuNo: ccccccmss sss 2 2404.0 3197.8 1:1.33 
October lS. 326. a0 6s Kleinwanzlebener......... 30 22180.4 22248.7 * 1:1.00 
VilmOrinis. .caceces escess 30 16147.7 19681.1 1:1.23 
TPAOMMBLANG eset esate: oe 30 17894.1 20991.6 1:1.17 
Lane’s Imperial .......... 30 11121.3 29316.7 1:2.55 
Dm Peri aly. sisiceis« bsreis ere ee.3"2 | 80 17718.7 18665.2 1:1.06 
Kleinwanzlebener No. 2.. 8 6576.8 7166.7 1:1.09 
Vikmorin No. 2............ 8 4266.7 5802.7 BAUR SS 


The samples taken October 13 represent the mature crop for 
my plot, and, also, for the Farm plots, given in the table as Klein- 
wanzlebener No. 2, and Vilmorin No. 2. Omitting the Lane’s Im- 
perial, because of its exceptional ratio, and the fact that it grows out 
of the ground to a very considerable extent, whereas the others do 
not, we have the following figures, representing our sugar beets for 
the season of 1897: 136 beets grew 84784.4 grams of tops, equal 
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to}624.2 grams, 22 ounces, of leaves per beet. The roots weighed 
94556.0 grams, an average of 695.2 grams, equal to 24.5 ounces. 
The ratio of the weight of the tops to the weight of the beets is as 
Tesh2: 

The ratio of the weight of the tops to that of the beets, for the 
same varieties, deduced from the weights taken in the field, was 
1:1.14. The ratios for the five varieties deduced from the yield as 
given under that head, are as follows: 


Kleinwanzlebener...1:1.274; weight of tops = 78.5 per cent. of weight of beets 


\WilnerelaVntig one OOSe 1: 1.087 ; weight of tops = 92.0 per cent. of weight of beets 
Tiione Sra care 1: 1.157; weight of tops = 86.4 per cent. of weight of beets 
Lane’s Imperial ....1:2.239; weight of tops = 44.6 per cent. of weight of beets 
Imperial ...........1:1.113; weight of tops = 89.8 per cent. of weight of beets 


The tops and beets were both weighed while entirely fresh. 
The beets were taken and handled in such manner that we lost none 
of the leaves. Inthe other samples the leaves were taken at the 
base of the leaf, but none of the crown wastaken. This was weighed 
with the beet. The change in the ratio of the leaves to the beets, by 
weight, is due to both the increase in the weight of the beet and te 
the decrease in the weight of the tops; the average weight of the 
leaves for one beet, on September 22, was 742; on October 13, 623.4 
erams. 

Persons familiar with the growth of the sugar beet elsewhere, 
remark, upon seeing ours, that they grow very vigorous tops. The 
weights corroborate the judgment. If the relative weights of the 
tops and beets were an applicable measure of the quality of our 
beets, they should be very good, indeed, and I believe them to be 
such; for I think that careful investigation will establish the fact, 
that it is a very good beet, which, in a perfectly fresh condi- 
tion, will show a sugar content of 12.5 per cent. We have had 
individual beets, analyzed immediately upon being removed from 
the ground, to run as high as 15.5 per cent. sugar, but they de 
not all run that high, and an individual beet of high excellence 
does not make the crop excellent. 

The ratio between the weight of the leavesand that of the roots 
of the sugar beet, as grown here, is so entirely different from that 
given for other localities, that we evidently cannot safely accept their 
data, as applying to our conditions. The same is true in regard te 
the size of the beets. [I doubt whether a crop of sugar beets can be 
grown on ground, really suitable for their cultivation, with an aver- 
age weight, per beet, of less than two pounds. But it does not fol- 
low that they will be low in percentage of sugar, or in purity. I 
have received, from time to time, several samples of large beets car- 
rying a fair percentage of sugar, and of a satisfactory purity, one beet 
weighing about 5 pounds, which I analyzed simply because it was so 
large, carried 14.0 per cent. sugar, with a co-efficient of 88, and Ire- 
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eeived three samples from another party, who excused himself for 
sending such large beets, but said that they were as near an aver- 
age as he could get. The largest beet had been cut off at both top 
and bottom, so that there remained only the middle portion of the 
beet—this weighed 4.6 pounds. It was in excellent condition, the 
sugar present was 14.9 per cent., purity 81.2. The smallest beet 
weighed 3 pounds, and showed 12.1 per cent. sugar, purity 81.8. 


These may give an idea of the exceptions to the general rules, 
as laid down for the sugar beet, with which we frequently meet. I 
do not know how the weight of the tops of these large beets com- 
pares with that of the roots, but evidently it must be less than in 
smaller beets. I have noticed in all of these cases that the crown 
is broad and full. 


The observations were extended over a sufficient time, and 
enough of them made to give us conclusive data as to the relative 
weights of the tops and the roots, and also as to the rate of the in- 
erease of both, during the last six weeks of the season. On Septem- 
ber 2, we find the average weight of the tops, for the four varieties of 
beets, 7. ¢., Kleinwanzlebener, Vilmorin, Lion Brand, and Imperial, 
to be 614.8 grams, or 21.5 ounces. We find the average for the tops 
of the same varieties, on October 13, 624.8 grams, or 22.0 ounces; in 
other words, the gain, if any, in the weight of the tops was very 
small, only one half ounce per beet; on the other hand, the average 
weight of the beet increased from 421.8 grams, or 14.9 ounces, to 695.2 
grams, or 24.5 ounces—an increase of 9.6 ounces per beet, or 0.64 
of its weight, on September the 2nd. 


There is no material difference in the ratios for beets from the 
strongly alkalized ground, and from that practically free from it. The 
slight difference which ‘exists shows the tops to be relatively heavier 
on the alkalized ground. 


The maximum sugar content in the beets was reached as soon 
in the one case as in the other, and there was but a slight difference 
between the maxima. The weights of the beets and the percentage 
ef sugar present at the various dates give us the rate of the 
deposition of the sugar. Both the increase in the crop and in the 
percentage of sugar, must be taken into consideration. In the case 
of our beets, it will be seen that, about one third of the sugar, in 
pounds per acre, was deposited between October the 6th and the 13th.* 
The same fact is observable in regard to the Farm plots, except that 
in the case of the Kleinwanzlebener variety, the increase in percentage, 
corresponding to the maturing of the plant, took place one week 


*The average weight of the beets on October 6 was 20.2 ounces, and the per- 
centage of sugar was 10.15 per cent. 
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earlier. I was unable to discover any assignable reason for this. I 
thought, perhaps, the absence of alkali might be the cause, but a 
study of the ash of these beets made me abandon this idea, and I 
have no explanation beyond the record that it is a fact. 


THE DRY MATTER IN THE BEETS. 


The dry matter was determined in three sets of samples, 
taken at intervals of two weeks, beginning on the 2nd of September, 
and other determinations were made with samples taken as late as 
December 10. The number of beets has been taken as large as 
practicable, in order to obtain results from which the variation in 
the individual beets has been, for the most part, eliminated. This 
is quite necessary, as this variation amounts to as much as 8 per 
cent. in beets pulled on the same date and treated similarly. It 
is, of course, understood that the weight of the air-dry matter, in 
any organic substance, cannot be made with the same satisfactory 
sharpness that the moisture in an iron ore can be made. The state- 
ment that individual beets, of the same variety, and harvested on 
the same date, may vary as much as 8 per cent., is based upon care- 
fully made determinations, and probably gives the range of the dry 
matter in sugar beets, 7. ¢., from 17-25 per cent. The dry matter in 
the fodder beets is much lower, and the statement just made is not 
applicable to them. 


The table on page 31 exhibits the development of the dry mat- 
ter in the crops grown on alkalized, and, also, on other ground. I 
have appended some determinations, made at later dates, and, also, 
of other varieties of beets, all grown on the College Farm. 


The column of percentages shows, very clearly, the difference 
between the sugar beets and the larger growing stock beets. The 
latter containing about 14 per cent. dry matter, and the former 18 
per cent. 

In regard to the Lane’s Imperial, it may be proper to state, that 
I know nothing about the history of the seed. While it may bea 
true Lane’s Imperial, it is certainly not a good strain, and was evi- 
dently mixed. I do not mean that it was mixed by seed of other 
varieties being mingled with it, but had been grown from hybridized 
beets. This strain attained a maximum percentage of 10.14 per 
cent. of sugar early in the season, and did not increase materially in 
the percentage of sugar after September the 22nd. 


The amount of dry matter in sugar beets grown on alkali 
soil is a little lower than in the other samples, the Kleinwanzle- 
bener and Vilmorin marked No. 2. This seems to have been the 
case throughout the season. The difference, however, is not always 
in favor of the higher ground, and is not so decided as one could 
wish it to be in order to base a conclusion upon it. On October 18, 
for instance, the total dry matter in my samples ranged from 16.69— 
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18.01 per cent., while the two varieties grown on ground free from 
alkali, showed 17.5-18.8 per cent., the latter was the Kleinwanzle- 
bener, from the Farm plot. But I am in doubt whether this higher 
figure is not an accident, as I obtained for beets from the same plot, 
December 10, only 17.48 per cent.; this, however, is a little higher 
than the same variety from my plot showed. 


AIR-DRY SUBSTANCE IN SUGAR BEETS. 


ee Taviaige (ber ot | Melettos| panes gree aoe 
Taket:| (Grae! t Gaans) flee 
September 2.......... | Kleinwanzlebener ........ 12 | 5808.5 730.0 |) ape 
Valmonin’. socensusse cect ee 15 6092.6 675.5 11.08 
Lion Brand ...... aaacoes 14 7226.4 892.5 12.35 
Lane’s Imperial .......... 12 8777.0 775.5 8.84 
Imperial... ascsemacaees 15 4995.0 794.5 15.90 
{Kleinwanzlebener No, 2.. 5 3356.2 447.5 13.33 
Vilmorin No. 2.) cce0+6 <8 5 1942.4 283.0 14.62 
September 22.......... Kleinwanzlebener......... 12 9377.9 1646.0 17.55 
WilMOrIne terse sees’ + 13 9956.3 1587.0 15.94 
don Brand ss). 5-066 4° 14 7745.1 1373.0 17.73 
Lane’s Imperial,.......... 16 10863 .5 1458.0 13.42 
[Imperial Retreealieeronieieuiere 14 7869.7 1400.0 17.79 
October Sie ..0.s 00-6: Kleinwanzlebener......... 18 15603.5 2605.5 16.69 
Wal Orinicier ott ectcts s\-iclocae 18 13965.9 2385.0 17.08 
ion Brand: cucisese esse 18 15095.0 2718 5 18 01 
Lane’s Imperial]........... 18 18834.6 2686 .0 14 24 
IA OLLAL cece ec ein roseinrs)atcieie> 18 12519.0 2228.5 17,80 
Kleinwanzlebener No. 2... 6 5715.2 1074.5 18.80 
Vilmorin No: 2erec 6. css. 6 4419.7 7173.5 17 50 
Wetaver 20 Fo ccoe- 00 Lane’s Imperial........... ya 2640.0 373.0 14.13 
Large Pink Beetey........ sivtste 8067.0 - 982.0 12.25 
OCtober 29% cc .6.cesesces Lane’s Imperial........... Jeet 5500.0 739.8 13.45 
Long Red Mangoldwurzel| .... 4500.0 641.6 14.28 
Yellow Globe............. eaee 3850.0 536 3 14.63 
December 10........... Kleinwanzlebener No. 2... 6 7170.0 1241.5 17.48 
Vilmorin No 2*;...... 5... 6 8364.0 1709.0 20.43 


+ The variety anknown. The seed was purchased as Dane's Imperial. 
* This sample was taken from the root cellar, where it had lain about five weeks. 

I have showed that about 17 per cent. of the crop is formed 
during the last two weeks of the growing season, also that about 33 
per cent. of the total weight of the sugar was deposited during the 
last week or ten days, but we fail to observe any such increase in 
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the total dry matter of the crop. From September 22 to October 13, 
there is an average increase in the percentage of sugar present of, 
say, 3 per cent., and the crop increase was still greater ; but the total 
dry matter is practically the same, only one variety showing an In- 
crease of 1 per cent., while another shows a decrease of almost as 
much, 0.86 percent. The evident explanation is, that there is a trans- 
formation of some of the solids during this period. The following 
table gives the amount of this transformation between September 
22 and October 18, for the four varieties of sugar beets grown on my 
plot. 


THE AMOUNT OF DRY MATTER OTHER THAN SUGAR TRANSFORMED. 


g Z 4 s 
3 = 3 % g 
) [e) rai =) i=] 
a) R 5 & A) ne 
ol rans 3 qd oq 
sa | Se leg dl kl a] eee 
Se) FS [eo BES 6 Cee 
Date. Variety. 3 S % & % a & 2 2 % £ 
ey We cues) 
g o o q | g o 
(<3) a =] oS oS oS fey 
> o fo?) Lol i) oH oO 
< ow ay iS S} 6 Ay 
September 22........ Kleinwanzlebener | 781.50 | 17.55 | 8.37 | 137.15 | 65.41 | 71.74 | 9.18 
Vilmorin.......... 765.80 | 15.94 | 7.71 | 134.10; 59.04] 75.10] 9.08 
Lion Brand......--| 553.20 | 17.73 | 8.41 | 98.00] 46.53 | 51.50] 9.41 
Imperial..........- 562.10 | 17.79 | 10.22 | 100.00 | 57.50 | 42.50| 7.56 
October 18ie.a- eases. Kleinwanzlebener | 866.80 | 16.69 | 11.76 144.80 | 103.30 41.50 | 4.79 
Vilmorin........-. 775.90 | 17.08 | 10.94 | 142.50] 84.90 | 57.60] 7.42 
Lion Brand........| 838.80 | 18.01 | 12.76 | 151.00 | 107.40} 43.60] 5.19 
Imperial........... 695.50 | 17.80 | 13.65 | 123.60 | 94.90 | 28.50] 4.09 


The same relations hold good for the percentage of total solids, 
not sugar, in the Kleinwanzlebener and Vilmorin varieties from 
the Farm plots on the 13th of October, as is shown in the above table 
for the other samples. They have been omitted because the data for 
September 22 were lost. The above series includes representatives 
of my whole plot, though, as I have pointed out elsewhere, a por- 
tion of the beets might, and perhaps ought to be, excluded, because 
of the excessive wetness and very bad tilth of the ground in which 
they grew. Still they do not obscure the general rule that there is a 
very materially less quantity of solids, not sugar, on October 13 
than there was on September 22. It would be interesting to estab- 
lish what this loss may be due to, and what the nature of the total 
solids, which disappear, may be. 

The leaves have been supposed to play an important part in the 
formation of the sugar in the beet; indirectly they may, but I be- 
lieve that the disappearance of the solids, not sugar, is the equiva- 
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lent, in weight, of the compounds already stored in the beet, and 
whose rapid change into sugar takes place at the maturation of the 
beet. There is only one other explanation which suggests itself to 
me; that is, that the ash constituents are either eliminated from the 
beet, or migrate to the leaves. This, however, is not the case. For- 
tunately, the answer is of such a character, that it matters not what 
the movement of the ash constituents in the plant may be, or 
whether elimination be taking place or not. The answer is simply 
this: The percentage of ash in the dry matter of the mature beet is 
not less than in the green beet, and the amount of ash in the beets 
on October 13, was greater than on September 22, which the follow- 
ing examples will show: On September 22 an average beet of the 
Kleinwanzlebener variety, contained 71.74 grams dry matter, not 
sugar, of this 9.92 grams was ash; on October 13 an average beet, 
weighing more than on the previous date, contained only 41.50 
grams of dry matter, other than sugar, and of this 10.97 grams was 
ash. In the case of the other varieties, the amount of ash present 
on October 13 was either greater or practically equal to the amount 
present on September the 22nd; so the suggestion of elimination of 
ash has no weight. The weight of the leaves, per beet, is actually 
less on the ripe beet than on the green one. For instance, I found 
their weight about 120 grams per beet less, on October 138, than they 
were on September 22. This corresponds to an actual loss of dry 
matter, as the percentage of dry matter in the leaves is the same 
for the two dates, and the same is true for the percentage of ash; so 
there was an absorption of dry matter and ash constituents by the 
root during this period. The loss of weight in the leaves, green 
weight, is very nearly equal to the gain in weight in the beets. This 
may, in this case, be an accident, but, as it is the average of 105 
beets, it is suggestive. 


As I have not, up to the present time, examined the leaves for 
sugar, it is an open question whether this corresponds to the elab- 
oration of sugar by the leaves. But, in consideration of the actual 
disappearance of dry matter from the beet, accompanied by an in- 
crease of the ash and sugar, I believe it points to the elaboration 
of formative compounds which pass into the beet, and are there 
transformed into sugar. The observations of Dr. ‘Maxwell, on the 
deportment of soaked beets, would be easily explicable if this were 
the manner in which the sugar is formed, but otherwise one must 
subscribe to the doubt expressed by Dr. Wiley when he says: “The 
whole science of vegetable physiology and chemistry teaches that 
sugar is elaborated in the leaves of the beet plant by the condensa- 
tion of formylaldehyde, which is produced by the action of the 
chlorophy] cell upon carbon dioxid and water. The beet itself has 
always been regarded simply as a storehouse, in which the elabor- 
ated sugar is conserved for the future use of the plant.” 
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Dr. Maxwell’s experiments are given in detail, and show that 
an actual formation of sugar took place in the beet during the seven 
days submergence. This seems, to me, to suggest the cause for the 
diminution of total solids, other than sugar, concurrent with the 
somewhat sudden increase in the amount of sugar present. It seems 
much more probable that so large an amount of sugar, as is devel- 
oped within the brief period of ripening, should be produced from 
material already stored up in the beet, than by the activity of a 
dying leaf. 


THE DRY MATTER IN THE RESPECTIVE THIRDS. 


We have seen that there is only a slight difference in the sugar 
present in the respective thirds of the beet, taken by weight, and 
that this difference is so small and irregular that a large number of 
determinations would be required to establish its value. The same 
is true of the total dry matter in the beets. There is a small excess 
in the upper third. This varies in individual beets, but seems to be 
constant for the different varieties. The following table records the 
results : 


Reet sh Wok wes Kleinwanzlebener. Vilmorin. aes 
pons | mira. || Qioare, | ean, | ea, | Reteat, | Div alin 
Dry Matter. | Dry Matter. || Dry Matter. | Dry Matter. 
ES5 Gan ee i is 17.2 || 25.28 23.22 21.52 
1 2 17.52 17.72 24.31 22.58 20.58 
1 3 17.85 16.20 rt 25.68 20.64 20.09 
2 1 18.32 { 17.94 25.60 22.70 21.14 
2 2 16.60 20.52 24.23 22.86 21.05 
2 3 16.79 16.50 24.23 23.21 20.18 
3 1 22.17 19.37 i 22.07 20.45 21.01 
3 2 21.91 18.40 21.38 20.30 20.50 
3 3 21,15 17.19 21.72 20.60 20.16 
4 1 21.50 17.32 20.68 19.56 19.76 
4 2 19.20 16.98 20.68 19.78 19.16 
4 3 19.54 17.20 20.68 19.78 19.30 
5 1 19.68 18.26 21.42 20.22 19.90 
5 2 18.63 17.82 20.78 19.77 19,25 
5 3 19.68 17.17 22.08 19.85 19.69 
6 1 20.58 19.48 22.43 20.00 20.62 
6 2 19.42 19.12 19.85 19.02 19.35 
6 3 18.55 17.87 20.54 20.24 19.30 


| 
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The average dry matter contained in these two varieties, on 
December 10, has already been given, as, 17.48 and 20.48 per cent., 
respectively, and the table corroborates the existence of a difference 
between the two varieties in this respect. 

The quantity of dry matter is quite uniformily greater in the 
first third than in either of the others, while there is but little differ- 
ence between the quantities present in the other two thirds. The 
dry matter, however, is so uniformly distributed throughout the beet 
that it requires the taking of the general average to make the law 
of its,distribution evident. In an instance like this, the question, 
What does air-dry mean, ought to be anticipated. Determina- 
tions of moisture, in other samples, made by drying to constant 
weight, at the temperature of boiling water, showed an average 
water content of about 2 per cent. This determination is tedious, 
and somewhat unsatisfactory, but after trying the air bath at various 
temperatures I adopted the water oven, and heating to constant 
weight, as the most satisfactory. 

Other varieties of beets, particularly stock beets, were experi- 
mented with and showed results identical with those recorded in the 
table, except, of course, that the percentage of dry matter is much 
lower. 

THE MARC. 


This is what is left of the beet after the sugar and other sub- 
stances, soluble in water, have been removed. ‘The extent to which 
the soluble -portion of the beets is removed determines the percent- 
age of mare. This percentage is assumed to be about 5 per cent. 
My samples were grated, or rasped, and washed with more care than 
ean be given them on a manufacturing scale, and this, probably, is 
the reason that my figures are slightly below 5 per cent. This was 
not the case when the beets were simply sliced. The experiments 
were made to determine the effect of irrigation upon the amount of 
marc present; also, to study the ash constituents left in this by- 
product of sugar making. 

The average of six determinations, using the Vilmorin variety, 
was 4.21 per cent.; the average of five determinations, made with 
the Kleinwanzlebener, was 4.38 per cent. Both of these series 
were raised with irrigation. Only one lot of beets, grown without 
irrigation, was tested to determine the marc, and this gave 5.26 per 
cent. I do not think that this result, though a large sample was 
taken, is conclusive that beets grown without irrigation really con- 
tain more marc than irrigated beets. 


THE FODDER ANALYSES OF BEETS. 


It is not my purpose to discuss the feeding value of either the 
roots or leaves of the beets. The value of the roots, for feeding 
purposes, is fully understood, as also the conditions under which 
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their feeding produces the most favorable results. The primary ob- 
ject of the analyses on page 37 was to discover the effect of the differ- 
ent soils upon the feeding value, and, at the same time, to study the 
differences due to varieties, if such should be discovered. The sam- 
ples are parts of the larger samples taken on October 13, and which 
were used for the other data given throughout this bulletin. All 
data given for beets, taken October 13, are for the same general sam- 
ple, and are comparable. The numbers, 1, 2, 3, have the same sig- 
nificance that they have in the table showing the amount of sugar, ~ 
from week to week. 1, is good soil; 2, is good soil, quite rich in al- 
kali; 3, is soil in bad tilth and rich in alkali, but no more so ‘than 
2. The analyses, given in the table, were made in duplicate, but 
averages are given to save space; the limits of variation allowed 
were 0.02 per cent. for nitrogen, 0.2 for the other determinations, 
except for crude fibre, for which 0.4 was admitted. 


Analyses Nos. 1, 2, and 3, are of samples grown on excellent 
ground, and free from alkali. The analyses are intended as stand- 
ards of comparison by which to measure the effect of our alkali. 
Analyses Nos. 19 and 20, are of leaves from the same beets, and are 
taken as standards of comparison for the leaves. 


An examination of the table giving the percentage of sugar 
present in the beets, from the different sections of the plot, will show 
more clearly than the few percentages given, that the samples 
from sections Nos. 1 and 2, were quite as rich in sugar as those taken 
from the Farm plots, which we used as standards. But the samples 
from section No. 3 almost always showed a lower percentage of sugar. 
As stated elsewhere, section No. 2, of the plot, shows, upon analysis, 
more alkali per acre than the other sections, but its sugar content 
is uniformly high; therefore, I have left it as an open question 
whether the depression of the sugar percentage in the samples from 
section No. 3 was due to the alkali, or to general conditions with 
which the presence of the alkali has but little or nothing to do. 
This uncertainty is not present in these results. The beets grown on 
the alkalized soil contain more ash and more crude portein, and less 
nitrogen free extract. They are better beets for feeding, but not so 
good for sugar making. 


The difference in the leaves is confined to a small excess in the 
percentage of ash in the samples from the alkali soil. 


Analysis No. 10 is of a sample received from New Mexico. The 
soil on which it was grown is a fine prairie loam, and the sugar 
content, when received by us, was 17.25 per cent. Owing to the 
excellent character of the soil, and its richness in sugar, I used it as 
a futher standard, and it agrees, within quite narrow limits, with the 
samples from the Farm plots. 


Sea 


FODDER ANALYSES. 
Sugar Beets. 


. : 

S ; A 3. - | & 

: Date. Variety. S) © i © = q A) s pe; 

5 ral B fj | A aa © 7 a 

Ra i) B Ps es a do Gy 

E Sy |e] ng) ggulois css ede 
Paes. |. fee @(|s)2 (86 |S 18 | élé 
1 \October 13..... Kleinwanzlebener.....| Farm |1.325] 5.510|0.317) 6.429} 7.212/79.207/1.029/12.32 
2 |October 18..... |Vilmorin.. ........ ...| Farm |1.662) 5.469]0.378) 8.578) 8.515|75.398|1.372|13.02 
3 |October 29..... Kleiuwanzlebener..... Farm 6.620) 3.707,0.421) 4.944] 4.696'79.612/0.791]..... 
4 |October 18..... Kleinwanzlebener..... 1 {1.709| 7.435}0.489)10.975 11.502 67.940!1.756/12.15 
5 October 18..... Kleinwanzlebener..... 2 |1.319) 6.491/0.674) 9.391) 7.427/74.698 1.501)14.70 
6 |October 13..... Kleinwanzlebener .... 3 11.565) 8.836 0.507)11.756 13.527/63.809 1.881} 8.44 
7 \October 13..... Valnoria cco ses 1 |1.784 7-ra3l0.745 10. 18013. 111|68.507 1.629}12.49) 
8 October 13..... {VAN ORIN Gs. cot ye eans oe 2 |1.897| 6 561/0.721) 9.689) 8.054/73.078/1.550 10.13 
9 October BS. vent WHPMODIN eco ce we 3 euelh 7.109]0.200; 8.586) 6.164'74.962)1.374:10.21 
Ore ash ace x cries Kleinwanzlebener *...|........ 2.969 5.344/0.408) 7.028) 5.655/78.596/1.124/17. 25 

Mare 

11 |November 8. ryiaeesist evar Hor Farm |4.490| 4.542/0.272) 5.541/23.122/62.033/0.886)..... 
12 |January 8...... Kieinwanzlebener..... Farm |7.490) 4.365/0.393] 5.673/22.603/59 476/0.907|....- 
13 |January 8...... Vill OFIN cs soiec te 0c3 Farm /3.282) 4.189/0.230] 5.719/23.028/63.552/0.915}..... 

Fodder Beets. 
14 lOctober BS ine 2c Lane’s Imperial....... 1 |2.035| 7.239/0.360) 6.789) 5.999|77.578)1.086)11.25 
15 ‘October ibe |Lane’s Imperial. ...2< 2 |1.405) 7.756)0.398) 8.835) 7.528)74 O78/1.413 9.9% 
16 October 13..... Lane’s Imperial....... 3 (2.180} 9.361]0.480}10.487)11 .552/65.990/1.678) 9.21 
17 |October 21..... Long Ked Mangold....| Farm |1.313| 7.280/0.422| 6.172) 6.033,78.780,0.987|....- 
18 {October Pa eee Large Pinkie. cc.scennen Farm |3.417| 8.983/0.453} 8.322} 6.016/72.809/1.335]....- 
Leaves—Sugar Beets. 

19 |October 13..... Kleinwanzlebener ....| Farm /3.435)20.671 1.790|16 642/12. 103/45.449)/2.663) ...- 
20 |October 13..... Vilniorin: eases Farm |2.477/26.429 3.066|18.781|12.425/36 .822|3.005]. ...- 
21 |October 13..... Kleinwanzlebener..... 1 |8.621)24.849 2.567/16. 142/10. 884/41 .937)2,582)....- 
22 |October 13.....|Kleinwanzlebener..... 2 = |2.371'27.850 2.666 ,17.221/10.665/39.227|/2.755)....- 
23 |October 13..... Kleinwanzlebener..... 3 = |2.299/27.000 2.52121 .560)11 648/34. 972!3.450)....- 
24 |Octuber 13..... WALMOEIN: . ats sche s -oereniod 1 /8.298/25.049}2.505 16.509l12 261)40.378/2.641)....- 
25 |October 13..... Walmorinwes.cssjecd-s 2  |2.385)/29.588/3.550)18.654/11 .141/34.682/2.985)..... 
26 |October 13..... Vathiras sty aconcne aaoucs 2.442/27.620|2.553)19.593/10.460/37.442/3.137|... . 

Leaves—Fodder Beets. 

27 |October 13..... Lane’s Imperial...... 1 2.544 27.639)/2.708|13.715/12.852/40.542/2.194/..... 
28 |October 13..... Lane’s Imperial....... 2 = |2.530 31.052/3.652/15.722)11.737/35.307/2.516)....- 
29 |October 13..... Lane’s Imperial....... 3 |2.825 27.932)2.199/18.893}11.706 |36.445/3.023)..... 
-30 |October 13..... (O25 YT Jose norma Neri Ieper BIOe 2.282 22.588/1 495 12 .546/11 206/49. 835}2.007)....- 


* Grown in New Mexico. 
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The difference between the beets from the two soils, will, per- 
haps, be more easily understood from the statement that the average. 
ash and crude protein percentage in the beets grown on soil free from 
alkali, is 5.03 and 7.36, respectively, while they are 6.75 and 10.10 
for these constituents in the other samples; the proteids are nearly 3 
per cent. higher in the beets grown in the presence of the alkali. 


The composition of the marc exhibits the fact that five sixths 
of the crude protein is removed by the diffusion, and about four 
fifths of the ash. The feeding value of the dry marc is, pound for 
pound, but a little inferior to the dry sugar beet, others make it 
slightly better. It may be safe to estimate it as about equal, but it 
must be kept in mind that it takes 400 pounds of dry beets, or one 
ton of green beets, to yield 100 pounds of dry pulp or mare. 


The dry matter from the leaves is exceedingly rich in crude 
protein, and were it not for the large percentage of ash present would, 
doubtlessly, make a good fodder. The green leaves contain about 
10 per cent. of dry matter, and 2.7 per cent.ash. I have had no 
experience in feeding green beet leaves, but it would seem to be a 
question whether the ingestion of so large an amount of ash constit- 
uents, largely potash and soda salts, would be beneficial. 


The analyses of the fodder beets are interesting, but in estimat- 
ing their value it must be remembered, that the fresh beet contains 
from 86-88 per cent. of water, against 79-82 per cent. in the sugar 
beet. 


The chards were analyzed, purely as a matter of interest. I 
cultivated them in the hope that I would find them more effective 
in removing soda salts from the soil than the beets. I was disap- 
pointed ; they did not endure the soil conditions nearly as well as 
the beets, and the dry matter in the tops contained less ash than the 
beet leaves. I expected them to produce an immense crop of leaves, 
but they did not. If success is to be attained by growing a heavy 
crop of foliage, rich in ash carrying much soda, some other plant 
than the chard must be chosen. 

The percentage of crude fibre in the beets is very irregular, but 
is uniformly higher in the beets from the alkalized ground than in 
the others. In the leaves the contrary is noticeable, the percentage 
of crude fibre being quite constant. The nitrogen free extract is also 
quite uniform in quantity. The effect of the alkali is greater upon 
the composition of the beets than upon that of the leaves. 


The increase in the proteids is probably due to the presence of 
nitrates in the ground water. The amount of nitrogen in the soils 
of my plot is small, varying from 0.04 to 0.065 percent. The ground 
water, on the other hand,.contains appreciable quantities of nitric 
acid. The amount of total solids in the ground water varies with 
the different wells, and at different times. The nitric acid, caleu- 


eS Gian 


lated as potassic nitrate, usually corresponds to about 0.20 per cent. 
of the total solids, often more, and sometimes much more. 


The letters, A, B, C, D, in the following table, represent four 
wells at points 150 feet apart, on a line running through the centre 
of my plot; they are sunk to the gravel bed. E is a well to the 
east of my plot in a piece of ground which has been heavily fertil- 
ized with sheep manure, but is about 100 feet west of an underdrain ; 
in other respects the following table explains itself: 


POTASSIC NITRATE IN THE GROUND WATER. 


Date. Total Solids per Mil- |Percentage of KNO3 
lion. in Total Solids. 
oO CMS eee Sees 4440.0 0.74 
WGN Mere scutes doce September 20, 1897 ........ 2789.1 0.32 
WOU Eo ni-.t..s--0eeer| September 201807. och 3985.7 0.16 
Wan se a7 eee | September 20, 1897 ........ 2561.4 0.37 
SV BIMBD ces ciel Sesciuere September 20, 1897........ 3407.1 0.37 
WWielIBEES treks nie srslacasie's | September 21, 1897........ 2187.0 0.83 
WVU Bite cicate seictes oes ae September 20, 1897 ........ 807.1 0.092 


* This sample was taken below the gravel in a newly opened well. 


I have given the potassic nitrate in one set of samples taken 
about 23 days before the crop was harvested, which shows that the 
beets had access to an abundant supply of nitrates, and one greatly 
in excess of that present in the soil proper. 


THE PERCENTAGE OF ASH IN THE BEETS. 


The fodder analyses, given on a preceding page, indicate that 
the general effect of alkali is to increase the percentage of ash in 
the beets grown on ground affected by it. An attempt to establish 
this as a general fact, and to follow the accumulation of the ash in 
the beet plant, is recorded in the following paragraph. 


The samples were carefully prepared for this purpose, and any 
exceptional percentages, appearing in the table, cannot be attributed 
to the presence of sand. The figures represent pure ash. The num- 
ber of beets taken as a sample was usually four, in afew cases I 
took more. The leaves in every case correspond to the beets of that 
variety taken on the same date and from the same section of the 


plot. 
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PERCENTAGE OF ASH. 
Sugar Beets. 
e g | 8 
a | 3 g| 3 
2 | 2 =| 26 
Date Varion é = a pie ra 
Harvested. ariety. A & 2 4 E é a 
3) Soe ce ome 
iv) Ay oy Ay plan? 23, Lae 
September 2... | Kleinwanzlebener............. Farm | 1.5166 | 5.3318 | 6.8484 | 0.9129 | 13.33 
September 2... | Vilmorin...............-.-- -» | Farm | 1.4190 | 5.9604 7.3794 | 1.0346 | 14.02 
September 2... | Kleinwanzlebener............- 1 1.5360 | 4 8770 | 6.4180 | 0.7913 | 12.34 
September 2... | Kleinwanzlebener............. 2 1.9090 | 9.1710 | 10.0800 | 1.3191 | 13.10 
September 2... | Kleinwanzlebener............. 3 1.7610 | 9.0640 | 10.8250 | 1.2806 | 11.83 
September 2... | Vilmorin..........- 000. ..cee.-s it 2.0589 | 8.5761 | 10.6350 | 1.2007 |. 11.29 
September 25°. | Vilmorin..<..0.-.<-+ sescescue 2 2.0714 | 7.4660 | 9 5390 | 1.2961 | 13.59 
September 2... | Vilmorin..................-0-6- 3 1.8998 | 3.5569 | 5.4567 | 0.7187 | 13.17 
September)2...,| Lion Brand... .....50e+-.....-: 1 2.3468 | 9.8608 | 12.2076 | 1.3380 | 10.96 
September 2... | Lion Brand.................... 2 2.1531 | 7.4155 | 9.5686 | 1.2583 | 13.15 
Septemberi2os4) LiOmBrand)s..we-icccc.s0.cee ows ee 3 2.0873 | 8.1086 | 10.1959 | 1.3479 | 13.22 
Neptenibeni2-ss hm Perialsc..c-swaene stein s sicie swietonte Lm EOS Sachin re th auaeets 9.0548: |::c:ccteaniallleseaeee 
Septemberi2 5.2 c/imperialetcc 2 siicteyss-o2ilsicieplasies Qewbila derevatare aaa states 7.0858 | 0.8843 | 12.48 
September 2... | Imperial................. 0.2.08 3 Baliictscs daisies 7.5097 | 1.2063 | 15.93 
September 22.. | Kleinwanzlebener.... ........ 1 1.2020 | 4.0616 | 5.2604 | 0.9952 | 18.92 
September 22.. | Kleinwanzlebener.............. 2 1.4228 | 5.0375 | 6.4603 | 1.2604 | 19.51 
September 22.. | Kleinwanzlebener....... ..... 3 1.5416 | 8.4857 | 9.9773 | 1.3390 | 13.42 
September 22/7. i WilmMOriN es... 2, cece celcece ae oe 1 1.4072 | 6.6911 | 8 0983 | 1 2086 | 14.93 
September 22.. | Vilmorin............2. sees. 2 1.3492 | 5.5881 | 6.9373 | 1.2902 | 18.45 
September 22. | Wilmorin. ssi a.ece s- cee sees ciate By Il. ose eratebetel| epietete ste 9.8277 | 1.3958 | 14.20 
September 22.. | Lion Brand.................... 1 1.2450 | 5.5804 | 6.8254) 1.2088 | 17.37 
September 22.. | Lion Brand.............. 2 1.3322 | 4.1254 | 5.4576 | 1.1689 | 21.44 
September 22.. | Lion Brand.................... 3 1.8732 | 8.1285 | 10.0017 | 1.6680 | 16.68 
Septeniber 22.. | Imperial... ......2......00000- 1 1.3129 | 6.2825 | 7.5954] 1.2785 | 16.83 
September 22).. | Imperial... scene cccascceniccne 2 1.3198 | 4.9655 | 6.2853) 1.3111 | 20.86 
September 22.. | Imperial .................-.--- 3 1.7768 | 6.9175 | 8.6943 | 1.3850 | 15.93 
October 13..... Kleinwanzlebener............. Farm | 1.5768 | 3.9380 | 5.5098 | 1.0525 | 18.80 
October 13..... Vilmorinsiiaes--eeeenceetess Farm | 1.3115 | 4.1579 | 5.4694 | 0.9572 | 17.50 
October 18..... Kleinwanzlebener............. 1 “1.5620 5.8727 | 7.4347 | 1.2792 | 17.26 
October 18..... Kleinwanzlebener............. 2 1.3885 | 5.1026 | 6.4911 | 1.1742 | 18.09 
October 13..... Kleinwanzlebener............. 3 1.5594 | 7.2770 | 8.8864 | 1.3850 | 15 11 
October 13..... Vilmorinwaeanses 1 1.4230 | 6.2996 | 7.7226 | 1.2539 | 16.24 
October 13..... Nilmorint:s...o dance 2 1.4040 | 5.1560 | 5.5606 | 1.1489 | 18.96 
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PERCENTAGE OF ASH—( Continued.) 
Sugar Beets. 


cae lee g|é 
< a 2 183 
ale Z| 46 
Date Variety 3 3 FI Sa ‘< g 
Harvested. : A 3 3 3 A é a 
eas tee BY lees as 
in i eee Ee ee eee 
October 13..... WAT OPEN 5 oi cays sce 3 1.3628 | 5.7462] 7.1090 | 1.2204 | 17.17 
Octobartd:..-.) uion Brand. vo. vce. ses sees 1 1.7794 | 4.8050] 6.6044 | 1.2548 | 19.12 
October 13..... EA ONUB TANG sa, .s cyoaciee acces. 2 1.4504 | 4.2645 | 5.7149 | 1.1182 | 19.49 
October 15..... PRONUBLANG, «cool ese tace tonne 3 1.9505 | 7.7976 | 9.7481 | 1.3928 | 14.87 
October 13..... A perial 25. «iss ohaajPcjene ses 1 1.4225 | 5.6254| 7.0479) 1.2672 | 17.98 
October 13..... Pm perial nis < ccc actesui-e cise 2 1.2384 | 3.7372] 4.9756 | 1.0866 | 21.84 
Wetanamts eeen Mmniperial a... ees sews 3 1.9918 | 8.6668 | 10.6586 | 1.4495 | 13 60 
September 2... Marc, Kleinwanzlebener...... |........ 3.0214 |! 1.84405) 458654 |e lieemaeeite 
September 2... | Marc, Kleinwanzlebener...... |........ 161005) 226400) |" 4225001 Meee ell aeeereerte 
September 2... | Marc, Kleinwanzleboner...... |... .00.6)sccseecelcoes cose 520760, 152 sen aeellno eee 
November 11... | Maro. Kloeinwan7dlebener v2.2 oa|\\csce osncllascece toil aeieersaee 4.4600 | 0.2283 |.......- 
December 31... | Crowns, Vilmorin............. |........ 1.4188 | 3.1696} 4.5884 | 1.1201 | 22.28 
December 31... | Crowns, Vilmorin ............ |........ 1.1938 | 8.1358] 4.8296 ]........ 
peace iol oasis, s iMronchiSeed! sect estaieate aaa ita Ne Ms. enseece<|/adeeaee ih MD -DeO0) le tetdoS— 120860 
OA BUCCI OOEOCE Pitas ipat lebalSeh on m. sencts INCU MES |b oe:sce elas asst 490001) LOULOMpaaead 
epee ecies Kleinwanzlebener............. | N. M. |........|........ | 5.0020 | 1.0700 | 21.40 
igaC Can Ott AO Oee Kleinwanzlebener.............{ N. M. |........]........ | 6.2070 | 1.2960 | 20.88 
ceo Cn eco eae Kleinwanzlebener............. | Farm |........|........ | 5.2740] 1.0070 | 19.09 
Reraee es oe baie. Kileinwanzdenenererac. creed |ses122-i|etacecciiceeecess IDEs Soule ilss0mlmole2D) 
Fodder Beets. 
September 2... | Lane’s Imperial............... 1 1.7773 | 10.2727 | 12.0500 | 0.9627 | 7.99 
September 2... | Lane’s Imperial............... 2 1.4668 | 8.4832 | 9.9500] 0.9044 | 9.09 
September 2 .. | Lane’s Imperial............... 3 | 1.8504 | 13.1843 | 14.9847] 1.3456 | 8.98 
September 22.. | Lane’s Imperial............... 1 1.3232 | 8.2042 | 9.5274] 1.2509 | 13.13 
September 22.. | Lane’s Imperial............... 2 | 1.2995 | 7.0603] 8 3598] 1.1586 | 13.86 
September 22.. | Lane’s Imperial.............+. 3 | 1.5112 | 6.7253] 8.2365 | 1.1939 | 13.28 
October 18..... | Lane’s Imporial.... ........+: 1 | 1.0732 | 6.1653] 7.2385 | 1.1371 | 15.71 
October 13..... Lane’s Imporial: ....:.26.2249 2 | 1.2907 | 6.4652] 7.7559 | 1.1370 | 14.66 
October 13..... Lane’s Imperial..........-.-.. 3 1.8025 | 7.5582} 9.3607] 1.1214 | 11.98 
October 29..... Lane’s Imperial............... | Farm | 0.9805 | 6.5277] 7.4582 | 1.0031 | 13.45 
October 29..... WellowsGlobe: cui evesteinnde +. > +* Farm { 1.0685 | 7.0353 | 8.1038 | 1.1855 | 14.63 
October 29..... Long Red Mangold........,.. | Farm | 1.1811 | 6.8990} 7.2801 | 1.0395 | 14.25 
November 11.. | Large Pink Beets............. Farm | 1.1551 | 7.8267 | 8.9826 | 1.2692 | 14.138 
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PERCENTAGE OF ASH—(Coptinued). 


Leaves—Sugar Beets. 


Date 
Harvested. 


September 2... 
September 2... 
September 2... 
September 2... 
September 2... 
September 2... 
September 2 .. 
September 2... 
September 2... 
Septeinber 2... 
September 2... 
September 2... 
September 2... 
September 2... 
September 22.. 
September 22.. 
September 22.. 
September 22.. 
September 22.. 
September 22.. 
September 22.. 
September 22.. 
September 22.. 
September 22.. 
September 22.. 
September 22.. 
October 18..... 
October 18..... 
(ctober 13..... 
October 13..... 
October 13..... 
October 18..... 


a 

2|3 

EWP e: 

Variety. & = 

Le! mM 

Beas 

Soe omer 

lee 
Kleinwanzlebener...... ..---- Farm | 6.0100 | 18.9042 
SVin ONT ereyetes-iarriete otensierieie renters Farm | 5.6108 | 22.8132 
Kleinwanzlebener.........-... 1 6.1427 | 21.6657 
Klein wanzlebener....... ....- 2 5.7396 | 24.4700 
Kleinwanzlebener ............ 3 4.8003 | 22.5977 
Walimorinnceisc-lecinsee ete = 1 4.8149 | 22.2602 
Nailnoysin cuss acodacuscsosnocn 2 5.6923 | 22.5583 
Wplbinere bt sogesndaccass cade one 3 5.7813 | 24.8516 
IGLONUB TAD Gtr cere astaieee ccc © 1 4.8236 | 23.0358 
PALOMPBLAN GA er elesiselsilem scle'e aie © 2 5.3696 | 21.8552 
Diony Brande cesar. soe 3 5.7520 | 23.8686 
leer oer Oy nee caGn canodanc Hess : 1 5.6692 | 21.8643 
imperialecewasseesecit ae es sss 2 5.9602 | 21.4842 
ira perial toscuccmee sie sists ete. 3 5.5796 | 28.1323 
Kleinwanzlebener............. 1 3.4194 | 19.2906 
Kleinwanzlebener...........-- 2 3.8376 | 23.4965 
Kleinwanzlebener ............ 3 8.7002 | 21.1696 
{hl bresebeguemacaooadas oboscnes 1 4.7782 | 21.4531 
\Wallnaysiny cade capansadinaddsaae 2 4.0478 | 21.8570 
Willm orinicy 0 cs mateuctss. co ectn 3 4.0378 | 21.5575 
Gon! Brand tsvenaewaee sciatica cs 1 3.2416 | 19.7522 
DOA Sea ls en onaooecnooounad 2 3.9410 | 18.2716 
LitonVBrandiecseein. recat es 3 4.0769 | 22.3222 
Tmperialivastecnscsete secsc ens 1 3.3407 | 21.5265 
Tmporiallenenryeaactencesiet 2 8.8977 | 21.8771 
Imperial wacctwactsssee aeeeicinee s 3 5.4272 | 20.9275 
| Kleinwanzlebener............. Farm | 3.0416 | 17.6298 
Wilmorinne.c se se eos eae Farm | 5.0199 | 21.4095 
Kleinwanzlebener ............ 1 3.3282 | 21.5212 
Kleinwanzlebener ............ 2 3.8774 | 23.9726 
Kleinwanzlebener ............ 3 3.5996 | 23.4004 
Vili ori n yey ecchictasie state eee 1 3.9930 | 21.0562 


Green Substance. 


Per Cent. of Ash. 
Per Cent. of Ash in 


24.9142 
28.4240 
27.9084 
30. 2096 
27.3980 
27.0751 
28. 2506 
30.6329 
27.8594 
27.2248 
29.6206 
28.5335 
27.4444 
28.8919 
22.7100 
26.8341 
24.8698 
26.2313] 2.5732 
25.9048] 2.6099 
25.5953 2.6448 
22.9938) 2.5293 
22.2126) 2.7654 
26.3991] 2.3830 
24.8672) 2.5737 
25.7748] 2.9460 
26.3547| 2.9754 
20.6714! 2.2283 
26.4294) 2.8675 
24.8494) 2.4395 
27.8500] 3.0944 
27.0000) 2 7081 
25.0492) 2.5083 


3.3206 
2.4121 
2.3206 
2.4680 
2.2581 
2.2174 
2.4493 
2 7630 
2.0805 
2.3557 
2.6373 
2.0800 
2.5495 
2.5713 
2.0498 
2.8559 
2.5049 


Per Cent. of Dry Matter 
in the Sample. 


13.33 
12.01 
8.35 
8.17 
8.24 
8.19 
8.67 | 
9.02 
7.47 
8.65 
8.94 
7.29 
9.29 
8.90 
11.00 
10.64 
10.07 
9.81 
10.07 
10.33 
11.00 
12.45 
9.08 
10.35 
11.48 
11.29 
10.18 
10.85 
9.82 
1 
10.03 


9.97 
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PERCENTAGE OF ASH-— (Concluded). 


Leaves—Sugar Beets. 
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2 3 5 5 5 6 

mM Ay Ay 4 Ay Ay 
October 13..... VEIN OLIN Woe e-dee wicket cer 2 5.4476 | 24.1404/ 29.5880] 3.3096 | 11.19 
October 13..... WHIMIOEIH occe ccctss se cece eats 3 4.2844 | 23.3854) 27.6198) 2.7192 | 10.10 
October 13..... jon Brands. soccckiceelacise aca 1 2.9932 | 20.3170) 23.3102] 2.6690 | 11.45 
October 13..... PAon Brand ..cnsc ccs seectweesres 2 4.1459 | 20.9634) 25.1093] 2.9829 | 11.84 
October 13..... Enon Brands... ckss.ssetecsme 3 3.3740 | 21.5660) 24.9400] 2.3069 9.25 
October 13..... Emiperinh, sc iradtercies serbia ccosce 1 3.0633 | 22.6348) 25.6981) 2.7985 | 10.89 
October 13..... Sm porialsascceee. oa eseeeen co 2 3.8809 | 21.0601} 24.9410] 2.9729 | 11.92 
Potoperdiseces | Lim pertal./.csciceossateean See 3 3.6136 | 22.5378) 26.1514] 2.1574 | 8.25 

Leaves—Fodder Beets. 

September 2... | Lane’s Imperial......... ..... it 8.0789 | 24.9496] 33.0285) 2.9824 | 9.03 
September, 2... | Lane’s Imperial............... 2 4.5602 | 25.7718] 30.3320) 2.4144 | 7.96 
September 2... | Lane’s Hip perialeescecsse. «ce se 3 7.1726 | 28.8794] 36.0328] 2.8393 | 7.88 
September 22.. | Lane’s Imperial............... 1 4.2517 | 23.7127] 27.9644) 2.6901 | 9.62 
September 22.. | Lane’s Imperial............... 2 5.8499 | 24.8072] 30 7591| 3.0573 | 9.94 
September 22.. | Lane’s Imperial............... 3 4.8015 | 23.3716] 28.1731] 2.4961 | 8.86 
October 13..... Lane’s Emperials se Acbterrs.cte i 4.9276 | 22.7118 27.6394) 2.6094 | 9.04 
October 13..... Lane's: Tniperial 2, 22 i.e ec. <i. 2 5.5246 | 25.5276) 31 0522) 3.2668 | 10.52 
October 13..... Lane’s Imperial 5 y.40.02:- 20 3 4.8318 | 23.0998) 27.9316) 2.6513 | 9.42 
Heptembercas,, || Chars. ctoistes aie ietartin soar) eavve 1 3.1350 | 17.7539] 20.8889) 2.1866 | 10.47 
Beptem ber 20e.8 | CRATES: 2 fo 756 cdinc sew seed eset 2 4.0638 | 18.4694) 22.5332} 2.5937 | 11.51 
eptember’ 29.) | Chards, i255. seis waves cous sees 3 3.2086 | 20.6892) 23.8978} 2.1787 9.12 
October 13,.... Ghardss. cae sate deers aitctean lle cade tee 3.2600 | 19.2730, 22.5330) 2.3231 | 10.31 


The table shows that by the 2nd of September, more than one 
half, and less than two thirds, of the total ash taken up by the roots, 
has already been accumulated—stated a little more explicitly, about 
58 per cent.—while the leaves have stored up about 70 per cent. of 
the ash contained in them at maturity. The deposition of the 
greater part of the ash takes place earlier in the leaves than in the 
roots, but continues in both until the time of ripening, or maturing 
of the beet. I took no samples of leaves for analysis subsequent to 
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October 13, but I have elsewhere stated what I mean by the matur- 
ing of the beet. The percentage of ash in the fresh roots is seen to 
slightly decrease with the advancement of the crop; this is due to 
the rapid increase in the weight of the crop itself, and not to an 
elimination of the ash constituents. The mature beet, as grown 
here, contains a trifle over 1.10 per cent. of ash, and the leaves con- 
tain a little more than twice as much. 


The table also shows clearly the influence of the alkali in the soil 
upon the percentage of ash, 7. e., that it causes an increase of about 
2 per cent., reckoning the ash on the dry matter. The results are 
quite in harmony with those previously given, except that the per- 
centage of ash in the beets grown on alkali soil is still greater than 
shown by the fodder analyses. The actual percentages for beets 
grown on good ground and on alkali ground are 5.32 and 7.58, re- 
spectively. The varieties of soils within the plot itself, indicated by 
the figures 1, 2 and 3, show no such evident effect, and there is no 
regularity in the variations of the percentage of ash in the samples 
from these sections. The beets from section 3, especially in the lat- 
ter part of the season, show a higher percentage of ash than the 
samples from the other two sections. The samples from this section 
are lower in percentage of dry matter, also in the percentage of 
sugar, but higher in percentage of proteids, than the others. This 
is the wettest portion of the plot, and shows, during either cold or 
dry weather, an abundant efflorescence of alkali, but the analyses of 
the soils do not show that it contains more, or even as much, as sec- 
tion 1. The corroding effect of the alkali was scarcely noticed at 
all in this (the 3rd) section, while it was observed in the 2nd. This 
may be due to the character of the salts in solution, and not to their 
quantity ; still, the total alkalies in section 2 is greater, apparently, 
than in section 3. The effect of the alkalies upon the tilth of this 
ground is not clear to me. The soil in this section is so saturated 
with calcic sulphate that small aggregations of gypsum crystals are 
plentiful in some portions of it. The tilth is very bad, but whether 
this is due to the water, and the fineness of the soil, or in any larger 
measure to the alkali, which is practically sodic sulphate, may be an 
open question, but I am quite convinced that the alkali has compar- 
atively little effect, directly or indirectly, in determining the charac- 


ter of the beets in this case. The effect of the crop upon. the soil 
was little, or nothing. 


It has been shown that the leaves of the sugar beet plant, as it 
grows with us, are cqual to from 70 to 90 per cent. of the weight of 
the roots. The percentage of ash in the green substance shows that 
ton for ton, the leaves remove from two to two and one fourth times 
as much ash material as the roots. I had hoped to find in this ratio, 
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and the tolerance of the beet plant for alkali,a means of keeping 
down, or removing, considerable quantities of alkali from the soil, 
especially as I hoped to find that the plant would, in the presence of 
so large a supply of soda salts, take up a large percentage of them. 
I expected to find this the case in both the roots and leaves—to a 
greater extent, of course, in the leaves than in the roots. It was with 
this idea that I planted chards, but I was disappointed in the re- 
sults of this experiment, for they made no such crop of leaves as they 
should have made, and they were not as high in percentage of ash 
as the leaves of the beets. The experiment with the chards was so 
evidently a failure, in regard to its primary object, that I practi- 
cally abandoned it. 


The table also contains the results obtained from:fodder beets. 
The crop of roots is usually very much larger, while the percentage 
of ash in the fresh crop is rather less. In regard to the leaves, their 
ratio, by weight, to the roots being much lower, amount to about the 
same on a basis of 2 tons of fodder beets to 1 ton of sugar beets. The 
percentage of ash is quite the same in the two classes, and the min- 
eral constituents removed by such crops would be about equal. The 
roots of a crop of fodder beets removes, because of their high ton- 
nage, from two to three times the amount of ash constituents that 
is removed by a crop of sugar beets. 


THE DISTRIBUTION OF THE ASH IN THE BEET. 


The sugar and dry matter in the respective thirds of the beet, 
numbered from the top downward, have been given. ‘Two series of 
experiments were made with the Kleinwanzlebener and Vilmorin 
varieties, to see whether we could establish any difference between 
the ash content of the thirds, and also its value. The series con- 
sisted of six beets each; the Kleinwanzlebener samples were freshly 
dug, but the Vilmorin sample was taken from the cellar. The aver- 
age percentage of sugar in the Kleinwanzlebener variety was 12.70 
per cent.; in the Vilmorin, 14.90. The percentage of dry matter in 
these series is given in detail under the caption, “ Distribution of the 
Dry Matter in Beets,” where it is shown that there is a little more in 
the first third than in either of the other thirds, but that the differ- 
ence is very small, varying from three tenths to one per cent. 
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2 3 4 5 6 
: : : 2 a : aq C a 

4 /3e/ 2 (3g) 2 2g] 2 |e] 4 |2e| 2 [33 

Variety. a lee So ls8l a [sella lsalle [sale (se 

Ba ern ees ee ECR SCG | eal 

| @#|/82)] @ | Sf) 8 | ge) a | 22) go | ge] € | ge 

g 3 Oo | OR oO | CH Oo | Ck o ae Oo — v ee 

BEE Se ete oe ee eee ee 

vials No. 1| 1| 5.53 | 1.10 || 5.83 | 1.07 |] 5.17 | 1.15 || 4.25 | 0.91 || 6.48 | 1.28 || 4.68 | 1.05 

3] 5.68 | 1.00 || 6.36 | 1.06 || 5.38 | 1.17 || 5.36 | 1.03 |] 6.27 | 1.17 || 5 69 | 1.10 

3} 5.90 | 1.05 || 6.63 | 1.11 |) 5 70 | 1.21 | 5.46 | 1.07 |/ 6.05 | 1.19 || 6.78 | 1.26 

No. 2/ 1| 5.91 | 1.05 || 5.78 | 1.04 || 4.95 | 0.96 | 7.67 | 1.33 || 5.59 | 1.02 || 4.50 | 0.88 

2] 5.90 | 1.04 || 5.67 | 1.16 || 5.11 | 0.94 || 6.84 | 1.16 || 5.87 | 0.96 || 4.17 | 0.80 

3] 6.44 | 1.04 |] 4.93 | 0.81 |) 5.84 } 1.00 || 6.0 | 1.12 || 5.69 | 0.98 || 4.88 | 0.87 

Vilmorin..|No. 1| 1] 4.95 | 1.25 || 4.10 | 1.05 || 4.36 | 0.95 || 5.46 | 1.13 || 6.12 | 1.81 || 5.29 | 1.19 

2} 4.32 | 1.05 || 4.54 | 1.10 |) 4.19 | 0.90 || 5.12 | 1.06 |] 6.12 | 1.27 || 5.96 | 1.18 

3| 4.57 | 1.17 || 4.71 | 1.14 || 4.61 | 1.00 || 5.71 | 1.18 || 5.97 | 1.32 || 6.63 | 1.36 

No. 2} 1] 5.28 | 1.23 || 5.17 | 1.17 || 6.21 | 1.27 || 7.04 | 1.38 |] 6.86 | 1.39 || 7.10 | 1 42 

3) 4.85 | 1.10 || 5.31 | 1.21 || 6.48 | 1.22 || 6.77 | 1.34 || 6.85 | 1.26 || 7.10 | 1.85 

rene 3| 5.35 | 1.10 || 5.47 | 1.27 || 6.69 | 1.88 || 6.86 | 1.36 || 6.71 | 1.88 || 6.95 |-1.41 
ane’s Im- 

perial ...|...... LIP TGS) POOH 577 | O67 256 1b 1S)))1h seers | ee mel |e ete | Seeeere | erence | ee 

Py Geese ain ye | PEC Nash sal Rb yhhy IMUM lene tle aketee|lMaganeliooccotllloacnes|taccs ~ 

31 1685 OF If) 458351) (02825)|105 SeFat 0 86a lee eaiieete eee oe meee eee eee ee eee 

Large Pink]...... A} Oe 582) 1:20) WRAL O5 cs cers ale ieees alll cassette cere sell peters ees orn eee 

Db .8-9F 31 1207) MANOS We 27a 2 heen nell aes ieee lene ee ee eee | 

3| 8.56 | 1.03 |/12.46 | 1.42 Hssvanelletee ne leeecmetieeee oe beac eee eae 


An inspection of the results obtained upon individual beets, 
leaves the impression that there is a larger percentage of ash in the 
third, or lower one third, than in the others, which is really the case, 
but it is much less decided than appears from a simple inspection of 
the table. The averages, taken by series, is as follows: 


“i Series I, Series II. 
: Per Cent. | Per Cnt. || Per Cent. | Per Cent. 
Variety. Thirds. of Ash of Ash of Ash of Ash 
in Dry in Fresh in Dry in Fresh 
Matter. Beets. Matter. Beets. 
Klein wanzlebenerinsccs sas on-scene cen 1 5.31 1.09 Bal 1.05 
2 5.78 1.09 5.5L 1.01 
3 6.09 1.13 5.70 0.97 
Wilimoriniwe mec. chase aescicn oecn rane 1 5.05 Tet5 6.27 1.31 
2 5.04 1.09 6.14 1.25 
3 BY 1.19 6.24 1.31 


Taking the averages of all the respective thirds in their order, 
we have, for the first third, 5.59 per cent. ash in the dry material, 
5.61 per cent. for the second, and 5.85 per cent. for the third, or bot- 


tom third. This appears to prove that the percentage of ash in- 
creases In the lower portion of the beets. 


We have already seen 
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that the sugar is a little higher in the lower two thirds than in the 
upper third, ¢. ¢., first third contained 13.08 per cent. sugar, the sec- 
ond 13.22 per cent. and the third 13.19 per cent. sugar. According 
to this, the percentage of both the ash and sugar increase in the 
lower part of the beet. If, however, we take the percentage of ash 
in the fresh beet, which seems to me the proper basis, the matter 
stands differently in respect to the ash, 7. e., it is greater in the first 
third, and diminishes in the lower portions of the beet, for we have 
them in the thirds, beginning at the top, 1.15, 1.09, 1.05 per cent. 
In either case the difference is much less than I had hoped and ex- - 
pected to find. A concrete statement will possibly make the small- 
ness of this difference plainer to some readers. It means, that, if we 
had a crop of sugar beets, of 15 tons to the acre, and divided every 
beet into three equal parts, by weight, there would be, in the five tons 
of upper thirds, ten pounds more of ash than there would be in the 
five tens of lower thirds. 

The percentage of ash given for the dry matter is misleading 
in this, that it gives no statement of the fact that the percentage of 
dry matter is greater in the first third of the beet. If we take this 
into account, we find, on calculating the ash, for the assumed crop 
of 15 tons to the acre, that there is practically no difference. We 
get 116.22 pounds in the first third, and 115.77 pounds for the third, 
or lower third, of our crop. Both methods of calculation lead to 
the same conclusion, 7. ¢.. that the ash in the beet root is quite evenly 
distributed throughout the beet, with a slight excess in the upper 
portion of the root, but the percentage of ash is greater in the dry 
matter of the lower third. 


THE COMPOSITION OF THE ASH. 


It was my expectation, when this work was planned, to find in 
the composition of the ashes, particularly of the leaves, a means of 
removing large enough quantities of soda salts to ameliorate the al- 
kaline condition of the soils, as we find it in Colorado. 

The ashes were prepared with care, but it seems to be a difficult 
task to prepare them so that no organic matter shall be left. The 
sample was, in every case, first charred, the soluble ash thoroughly 
washed out, and the carbon then burned out of the residue. The 
ash of the whole sample was mixed with ammonic carbonate, and 
heated to 200° C., for two hours. 

The portion of ash, insoluble in water, is very variable, espe- 
cially in the beets. In the leaves it is higher in early September 
than subsequently, and always lower by 2 or more per cent. of the 
total ash, than in the roots. 

In the following table is given the composition of the ashes of 
samples taken at three different periods of development, which may 
be best judged of by the dates on which the samples were taken. 
With the composition of the ash we complete the data concerning 
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the samples. The same samples were used for the estimation of the 
sugar, the dry matter, the fodder analysis, and for the work on the 
ash. For instance, the sample of Kleinwanzlebener, taken on Octo- 
ber 13, was taken large enough to furnish material for the differ- 
ent determinations. The data obtained gives a complete history of 
the plant’s development. I may state that 1,200 pounds of beets, 
and nearly as many tops, were used during the course of this in- 
vestigation, the object being to obtain results which would be repre- 
sentative. 

The plan was to study each of the varieties planted, but I have 
been compelled to confine the study to the Kleinwanzlebener. I 
have taken two as comparative standards, the Kleinwanzlebener and 
Vilmorin. I gave up my original plan the more willingly, as the 
examination of the one series shows so great a uniformity in compo- 
sition, that there is no evident object to be gained which is nearly 
commensurate to the work involved. I give the direct results of the 
analyses, believing that they convey a sufficiently clear idea of the 
composition of the ash to the general reader, while the chemist, or 
other person, who wishes to reduce the terms to another basis, can 
easily do so. 

The following tables have been grouped together so as to pre- 
sent the condition, and the effect of the variety of soil, without 
further explanation. In the first table I have given the analyses of 
the ashes which I assumed to be representative of good soils, to 
which I have added an analysis of the ash of the mare, from Klein- 
wanzlebener beets, grown on the Farm plot, and corresponding to 
the analysis given in the first column: 


Kleinwanzle- | Kleinwanzle- Vilmorin. Marc. 
bener. bener. 

‘Sugar Content in Beets....... ... |12.32 per cent.|17.25 per cent |13.02 per cent.|12.90 per cent. 
WWiIhGTG IGLOWileeet steer isiiee acelin Farm Plot. New Mexico. Farm Plot. Farm Plot. 
Carbon es ccieth Maer cee tite hades None. None. Trace. None. 
Sanat seceend seb eee aes 0.699 1.212 0.931 15.671 
SICA eke oa qenaubecetea iced seeds 1.196 1.506 1.264 4.787 
‘SulphuriecAGid... sfaeee ode cos 3.481 2.117 2.878 1.622 
PhosphGrice AN Gide -tcaselcace seers 8.607 3.336 6.088 3.283 
CarbomicvAcid mn aatenset nen sere ae 20.214 18.213 19.177 23.807 
HTORLN Gao tat cee enc oe banat 5.686 12.500 10.887 0.155 
PotessiexOxids bes seier des tetas 32.334 39.639 40.065 14.802 
DodicsOxtd Teme: cs sac eos 17.888 9.940 11.161 3.711 
CalcicOxid scenes cee memes 3.257 3.458 3.409 15.790 
Masnesic. Oxid ssceen seem meecaie: 6.065 7.024 5.264 9.768 
Hernic:Oxidsreciosccheses aeantreeee 0.286 0.468 0.414 1.300 
Alaminic Oxide. aateecck seeeiee 0.268 0.232 0.774 0.848 
Manganic Oxid (brown).......... 0 298 0.361 0.186 0.364 
Loss'omlenitionssvcsccses sateen 1 272 25073 Scullion ence [4.126] 

San sidavTabiees ee eS 101.544 102.739 102.498 100.034 
Oxygen equivalent to Chlorin.... 1.281 2.817 2.441 0.084 

MiGtal ae ttn) cade 100.263 99.922 100.057 | 100.000 
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ASH OF THE SUGAR BEET IN ALKALI SOIL. 
Harvested September 2. 


Section 1. Section 2. Section 3, 
Beets. | Leaves. Beets. | Leaves. Beets. | Leaves. 
REGEN O Wem seca ole wek coce ome source None. Trace. Trace. | Trace. None. Trace. 
| SOLES Win pie per eng Rea Se oy 5 1.830 4.484 1.892 1.859 1.417 1.549 
STUDER 8 See enna ay 1.680 3.154 1.744 2.319 1.957 2.883 
PelpHuric Acids. sc... ee deen discs 3.212 3.369 3.191 3.612 3.098 2,261 
PHoOspHOMC ACG: - 02. co. vols. swan 6.433 2.167 8.758 2.212 7.201 2.823 
WREDORIC-AGH se ccc ifeocs eoccee a 14.495 12.632 14.817 14.484 16.381 15.991 
integra inet sore ere os cere EE 13.779 20.729 12.315 18.219 11.326 18.000 
Potassic Oxid............. 204. ... || 36.477 | 21.260 || 39.832 | 23.170 |] 32.820 | 19.657 
POO TOA Sst 57-350 se a vos cesaeseoe 15.755 23.901 12.130 24.381 19 220 28.577 
CAT CRG OKI 5 ov oie win scream manent 1.740 2.667 1.190 2.137 1.216 1.661 
NE TIGRIE LOI cin. s so oa :deestes nncaiee 4.485 6.577 4.100 7.132 4.474 5.916 
OPTIC 1 OLE ieracs ow cIuivi« Marcelo eacle anes 0.590 0.652 0.581 0.464 0.682 shake) 
PEI CIOSAG 6 2.5.50 boos Sa os. ener 0.276 0.512 0.370 0.330 0.339 0.498 
Manganic Oxid (brown).......... 0.142 | 0.086 0.133 | 0.121 0.168 | 0.128 
Hossupon Ignition... ......:0020 2.328 3.095 1.614 5.693 1.994 2.768 
er 9 «oe aa 103.222 | 105.185 || 102 667 | 104.128 || 102.293 | 103.831 
Oxygen equivalent to Uhlorin.... 3.105 4.673 2.775 4.105 2.552 4.056 
Total........e0eec.--0000seeeee. || 100.117 | 100.512 |] 99.802 | 100.018 || 99.741 | 99.775 
Harvested September 22. 
BORAT: POD egs oe os, Sa 2 <«'a/s10i ee v1a ols See None. Trace. Trace. Trace. None. None. 
SS FENG Li eer fae co ea eee 0.665 0.538 0.868 0.139 0.610 0.700 
PSU CR naa G ol aistorc sistc'el so 0le/cieloiey dele nuteiers 0.858 1.024 0.855 0.651 0.931 1.933 
Bell phuUTriGeMci deter «c.'ecse'sere = ce . 3.949 3.821 3.612 3.281 2.550 2.976 
PHGSPHOLIGOACIG ¢ « wi,00,4/0 01 «oui Sl « 7.906 2.286 8 786 1.902 7.688 3.133 
MUATHFORIOG INCI s acolo mie laiels «<0 rien 16.467 12.528 14.758 10.760 16.471 16.117 
OGTR Aa ae RCE RARE Apc Oter 11.493 24.923 12.826 27.781 14,408 21.349 
PORASSIC! ORIG «25 3: creiieetsins sie cee 36 780 20.738 41.620 |; 28.225 34,895 21.572 
BOAICAORIG i. ca). emai eiclecmieenle 13, 434 27.608 9,744 22.863 18.637 27,859 
Maer 0 OST ea ioreia sce ce soe a | 2.826 2.699 2.180 2.295 1.254 1.841 
Magnesite Cixi i... i552 erp seine sje es 5.783 5.731 5.512 5.110 4.028 5.770 
HGERICSOXIG anaes select ccs clspice reli) 10.809 0.179 0.310 0.058 0.290 0.502 
JNU ier Gen Oba leas Tadddocdeebaonce 0.158 0 1706 0.156 0.206 0.103 0.3895 
Manganic Oxid (brown).......... 0.190 0.139 0 214 0.155 0.114 0.161 
Loss upon Ignition................ 1.690 Stink i 1.842 3.261 1624) boca 
“7h es TN aE “Jo2.408 | 105.895 {| 103.288 | 106,687 || 103.608 | 104.308 
Oxygen equivalent to Chlorin..... 2.590 5.616 2.890 6.265 3.246 4.811 
EES ca tit caer: ~ 99.818 | 100.279 || 100.393 | 100.422 || 100.357 | 99.497 
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ASH OF THE SUGAR BEET IN ALKALI SOIL—(Concluded). 
Harvested October 13. 


Section 1. Section 2. Section 3. 
Beets. | Leaves. Beets. | Leaves. Beets. | Leaves. 
! 
WATDOU I eee Ldcntaaie steers sii ee cine Trace. None. Trace. None. None. None. 
Saar diye enter ee ote cle se aaterslo's'e Seren eae 0.822 0.408 1.188 0.314 0.497 0.394 
RSTRROE ses ci fptaesiersis see sisiotave Sucre ose 1.144 0.842 1.102 0.758 0.941 0.960 
Sulphuric Acide... .iicccrcewco-as see 3.585 3.803 3.476 3.859 3.400 3.580 
Phosphoric Acid. .............+.-- 8.049 2.051 8.668 1.793 7.504 2.817 
Warbonic ACI eaters seca estes 14.051 10.628 15.690 10.940 16.734 14,848 
COUET; recline tiiecie-<isl so 01a/6e: <\aers a ecaretale 14.961 28.511 12.599 27.766 13.561 28.289 
Potassic Oxid POC Or ere 38.966 23.780 42.976 25.718 37.491 23.838 
SOCIOL OXI beers cisteles os ae oie o otais 12.828 25.375 8.811 22.324 16.123 25.515 
CaloiciO Ridite ys occa. coon nec 2.101 2.437 1.951 2.527 1.331 1.537 
Magnesic:. OxId bases sf aco w\scctne 5.339 6.000 5.573 6.169 4.791 5.624 
MOEniciO Rid eyed «cele svsaiejeiclncinisin + o's’ || 0.815 0.125 0.146 0.128 0.276 0.062 
MM INTC! OU oasis sateores ye Ss sels 0.213 OTS a OE538 0.128 0.400 0.173 
Manganic Oxid (brown).......... l~ 0.183 0.068 0.195 0.137 0.197 0.106 
OssUpON sen ibLON anes ecm 6 Saniell|(femiewe asic DE OAS ae lira acose-Va etaaes ASODA® Wilco caterenters 3.421 
Sen seo year eae Meese sane was 103.057 | 107.084 || 102.912 | 106.610 103.246 | 105.664 
Oxygen equivalent to Chlorin..... 3.166 6.425 2.839 6.257 3.057 5.226 
APPEAL fark cease aide sitive: ols @a-w sieeve: cio 99.891 100.659 100.073 100.353 100.189 100.488 
ASH OF FODDER BERTS. 
Lane’s Imper’].| Yellow Globe.:} Long Red Large Pink. 
Mangold. 
WiherotGrowd cre.cdemcn acne tse Farm Farm Farm Farm 
Carbonissscacecctaee cine ce cena nies None. Trace. None. None. 
Santee we netee se cisleisiete bon siete cieilewlers 0.237 0.597 0.216 0.725 
Silica Mio reae deck ews Sach ee cs «sister 1.044 0.857 0.594 1.052 
Salphuric?Acide i. tarcecteres cscs 8.900 2.189 2.832 2.597 
‘Phosphoric Acid .c.scese-s oeieeseer 4,605 6.547 5.232 6.209 
WarbOniGiA Cid Fae ccc aecteees esis Hele 23.344 16.949 21.447 21.871 
CHIOVIN Fe .s:taetelciiesiotee' «cio gs cles areas 7.813 16.827 9.628 9.252 
PotassicnOxidia.<cuaccmisetesesieee : 33.474 88.620 38.787 27.656 
Sodic  Oxt@yeassscias sess 'esaistense.s 21.465 14.559 16.151 24.397 
Cal cic OXIA Tene isiee selene cle oiaplestere 2.015 1,909 2.661 1,992 
Magnesic  Oxidi 24 ...accmcn ckaalers 3.270 3.189 3.274 3.262 
BOT TIC ORI oe soos sali, dso cceleisineia ete 0.191 0.497 0.175 0.254 
AlumMiInic Oxid:, 32. s-..-.cncce cscs 0.040 = Oseitiz! 0.073 0.108 
Manganic Oxidiinccccnceseacet cscs 0.210 0.216 0.575 0.194 
hossion Tgnitioncassssseerecececk 0.714 0.548 0.928 2.716 
ati gt DBM eB arte nr ees wn 102.322 104.251 | 102.568 102.285 
Oxygen equivalent to Chlorin 1.761 8.778 2.169 2.085 
otal Achaea ty arenes 100.561 100.473 | 100.899 | 100.200 
— 
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COMPOSITION OF ASH COMPARED WITH SUGAR CONTENT. 


| 
| 
Where grownh............ | 
Sugar content........... 
Date harvested.......... 
TCHS ree oct cco sia. 3 515: 
Sulphuric Acid.......... 
Phosphoric Acid........ 
Ohlorinerer ys tees ss we v's os 
Potassic-Oxid .fc0'...5. 
Bodie Oxid 2.25 2 isn: 
Calcio Oxide. .heces.0s 50s 
Magnesic Oxid......... 
Harrie OXI... .ie~ iss sees 
Aluminic Oxid.......... 
Manganic Oxid.......... 


Oxygen equiv. to Chlorin 


Vilmorin./Mjginorane-Mehnwane-HEleinwanz 
Col. Farm | Col. Farm (Sones Sau Cae iat 
13.02 per ct. 12.32 per ct.|7.86 per ct |10.73 per ct. 
\October 13 October 13 Sept. 2 Sept. 22 
1.58 1.54 2.10 1.02 
3.59 4.47 3.91 4.37 
7.62 11.02 10.73 10.65 
13.61 7.30 15.08 15.53 
50.12 41.41 48.74 50.42 
13.96 22.91 15.05 11.81 
4.26 4.19 1.46 2.64 
6.59 7.76 5.02 6.68 
0.52 0.37 0.73 0.37 
0.99 0.34 0.46 0.19 
0.23 0.39 0.16 0.26 
“403.07 | 101.70 | 103.44 | 103.54 
3.05 1.65 3.40 3.50 
“100.02 | 100.05 | 100.04 | 100.04 


Kleinwanz- 
lebener. 


Col. Farm, 
alkali soil 


14.70 per ct. 
October 13 
1.33 
4.18 
10.45 
15.16 
51.70 
10.60 
2.35 
6.70 
0.18 
0.65 
0.18 
~ 103.40 
3.42 


99.98 


Kleinwanz- 
lebener. 


New Mex. 


17.25 per ct. 
? 

1.91 
3.53 
4,25 
15.90 
50.59 
12.65 
4.42 
8.93 
0.59 
0.29 
0.45 

"103.54 
3.59 


99.95 


Composition 


of ashes of beets having different percentages of 


sugar, calculated from data quoted from Champion and Pellet by 


Dr. McMurtrie: 


Beets Having 
10 per Cent. Sugar. 


SiIGA Meek eA eaistes Cocke deen ee seis. > Drone) 
Sin yoni re Vote on anacb ganren sorics 3.594 
PHOSPHOLICEA CIs spar cttl nrc teres ot ccie 9.640 
(OI Koy S18) Se ees ee erence Gducic CA DROae 9.310 
IPOtassic ONIG—s. st ceige erat cee ene 47.870 
SOGICRORIGG ese celtic Wete de Mea sia’e es 8.330 
ORICIG OX1G is serene soe ake ee eis clei 6.860 
Magnesic Oxid’.)... 00... SNE i's aoe OPA 
WindeteriiiMned in. vss ae aeiotetiln «cues. ols 2.610 

99.979 


5.546 
3.486 
9.357 
9.172 
48.807 
8.257 
6.970 
6.055 
2.385. 


100.035 


Beets Having 
15 per Cent. Sugar. 


The leaves, presumably belonging to the two samples whose 
ash analyses are given above, yielded ashes of the following com- 


position : 


Bes ge 


Ash of Leaves Ash of Leaves 
from Beets Having from Beets Having 
10 per Cent. Sugar. 15 per Cent. Sugar. 


Silica ear cat Sen Ieee cee 1.100 1.110 
SulphuricvAcid ee mae ere reat 5.340 5.409 
IPHEOSPhOriCeACld Miran critter trees 7.940 8.000 
CHIOLID oe os nee ee Reta ees 11.510 11.560 
leo ICROD-A(6le BUA dh Usmstoean ce aS .32,,880 33.330 
Sodic* Oxides ssuises abee eee ae 11.510 11.560 
CaleieiOxid ey Sass Ss eee 12.470 12.500 
MacnesiciOxid ope. ae iierieeretas 10.010 10.100 
Windetermineds rcenn sere ee ieee 7.230 6.400 

99 .990 99.960 


The analyses, quoted from Champion and Pellet, evidently in- 
clude, under the term undetermined, the excess of oxygen corres- 
ponding to the chlorin present. The large quantity of silica in the 
beet ash suggests the fluxing of sand and fine particles of soil dur- 
‘ing the incineration of the sample. 

- his source of silicic acid in the ash, has been frequently sug- 
gested in my own work, and I am fully convinced, that it is so good 
as impossible to prepare an ash from a sample containing sand and 
dust without fluxing some of it, and so bringing silicic acid into a 
soluble form. And I doubt the correctness of the practice of reck- 
oning even the soluble silicic acid in the ash analysis proper. 

Neither the analyses of the ashes from my own series, nor the 
two quoted, show a sufficiently decided variation in the composition 
of the ashes of beets, having different percentages of sugar, to admit 
of any conclusion in regard to any relation existing between the 
percentage of sugar and the composition of the ash. Further, a 
comparison of the percentages of sugar and ash present in mature 
beets, fails to show any relation between the percentage of sugar 
and the percentage of ash, as a few examples will serve to show: 


RELATION BETWEEN PERCENTAGES OF SUGAR AND ASH. 


Per Cent. of Per Cent. of 


Per Cent. of Ash in Ash in 
Sugar. Dry Matter. Fresh Beet. 

Beets harvested October 13.............. 12.15 7.43 IAA 
Beets harvested October 13 ...........2.. 14.70 6.49 1 ibe 
Beets harvested October 13...........-..10.13 5.56 1.14 
Beets harvested October 13..............12.49 Olle 1h 5) 
Beets harvested October 13 ............. 12.84 6.60 1.25 
Beets harvested October 13.....,........ 13.61 5.71 ei 
Beets harvested October 13 .............. 11.84 9.75 1.39 
Beets harvested October 13.............. 15.20 7.05 INS F/ 
Beets harvested October 13 ............... elo 4.97 1.09 
Beets harvested October 13 .............. 13.65 10.65 1.45 


The only thing shown by these samples is that the ash of the 
sugar beet, as it grows with us, contains more alkalies than is shown 
by the two analyses of French beets, by about 7 per cent. The ash 
from our beets, without any relation to the sugar content, carries 
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about 63 per cent. of potash and soda together. The carbonic acid, 
sand, and organic matter, is not considered as belonging to the ash. 
We also find a certain uniformity in the amount of lime and mag- 
nesia present. Counting these in terms of lime, we find the range 
mostly within the limits of 11 and 14 per cent. In the two sam- 
ples of French beets it is 15.5 per cent. The phosphoric acid in the 
eight analyses, which we have tabulated, agree closely in six in- 
stances, while the other two are much lower. In the ease of the 
sample of Vilmorin, harvested October 13, and carrying 13.02 per 
cent. of sugar, the low percentage of phosphoric acid cannot, in my 
opinion, be explained by ascribing it to the lack of this constituent 
in the soil, it must be ascribed to some other cause. In regard to 
the sample from New Mexico, I can express no opinion, as I have no 
intimate knowledge of the conditions under which it wasgrown. I 
am frank to say that I doubt whether this New Mexican sample 
ought to be taken as an example of a beet, rich in sugar. That it 
showed the presence of 17.25 per cent. of sugar when I received it, 
is true, but that it did not show that much when ‘it was fresh, is 
quite as certain. I believe the high percentage to have been due to 
drying out, rather than to a naturally high degree of richness. 


The percentage of ash, in the French samples, is rather lower 
than we find in our samples, but other data for French beets make 
it about the same. The percentage of ash in the leaves, assuming 
the dry matter equal to 10 per cent., is the same as we find for Colo- 
rado beets, but the composition of the ashes of the leaves is not at 
all alike. They are similiar only in containing the same chemical 
elements. The composition of the ash of the leaves from the French 
beets is quite comparable to that of the ash of the beets themselves, 
the differences consisting of an excess in the percentages of soda, 
lime, magnesia, and chlorin, over that of the beet ash, while the 
percentage of potash in the ash of the leaves is less than that in 
the ash of the beets by 15 per cent. 


The table on page 54 shows to how great an extent the ash 
constituents of the leaves differ from those of the beets in their rel- 
ative quantities, and also, how the ashes, both of the roots and the 
leaves, of Colorado grown beets differ from those grown in France. 
I have quoted the analyses of the French beets, and do not know 
how nearly representative they may be, but as to the Colorado beets, 
any one of the samples given on previous pages could be used for 
the same purpose quite as well as the one chosen. This one was 
taken simply because its percentage of sugar, being so near that of 
the sample quoted, eliminates any question of doubt which might 
arise because of differences in the quality of the beets. 


Rag 9b els 


I place the analysis of a sample of the ash of Kleinwanzle- 
bener beets, carrying 14.7 per cent. sugar, together with that of the 
ash of its leaves, side by side with that of a French beet, supposed 
to carry 15 per cent. sugar, and its leaves : 


Kleinwanzlebener, — 


Grown Grown 
in Colorado. in France, 
Beets, Leaves, Beets, Leaves. 


Per Cent. | Per Cent. || Per Cent. | Per Cent, 


Silica Panera seascicece ences rs cteustata Tope po ied te ee 1.330 0.890 5.546 1.110 
GulplanicwA cla Ae nayereacerya-tre crete sates teteretatts 4.180 4.470 3.486 5.400 
BOs pWOniGy ACI Ow ca.ir ihe stetsels semicircle kereeie 10.450 2.120 9.357 8.090 
COUGH. s colngs goat Ose OeBeaaeratet oe teG 9 dao. a4 15.160 32.670 9.172 11.560 
DOU ETC OD GO a gana doateumonOaun oo Ode. socoss 51.700 30.270 48 .807 33.330 
(Steve bio G).g1G Ls ein esotions naa node coau oUos Mnonado00 10.600 26.270 8.257 11.560 
Cal Cle NO XU a ate aterat see's iajtistevesons aeuetois ei ober teleosts 2.350 2.980 6.970 12.500 
Ma enesic Oxdah, Grice cere co aateweins taepestetolechistenree | 6.700 7.260 6.055 10. 100 
CENCE G ea Pa a Meine pe DDS ro) We 0.180 0.150 2.385* | 6.400" 
NG UTTROCO XIAN hes occas a eee eT Oreae 02150) ") aa 
Man ganic Oxtdiy a cata casescueine aan caterer sete 0.130 0.160) * oii see esc Ween ae 
Pent G3 nad Goce EO oom MERE Aas orae od AAG hen: 103.400 WO? SOON It Seeeske ae ietpeeeeere 
Oxygen equivalent to Chlorin ................... 3.420 7.380 oo aretdiee ARM etoneteeetets 
bay tallies Gas cr Oe Oca erann ier cancantnsomiesc cm aes c 99.980 100.010 100.035 99.960 


* Undetermined. 


In considering the effect of the soil, particularly of the alkali, 
upon the percentage of sugar, I adopted, as a standard of compari- 
son, beets grown upon two other plots of ground, free from alkali, 
and in good tilth. In this case the meteorologic conditions were the 
same 1n every respect, and it was simply a question of soil. The 
same was true in regard to the feeding value, of both the roots and the 
leaves; with the constituents of the ash, which are obtained wholly 
from the soil, the question is not so simple, for there is an uncertainty 
in regard to the measure in which one constituent may replace an- 
other in the economy of the plant, and also in regard to the con- 


eek which influence the replacement of one compound by an- 
other. 


Some points are so evident, regarding the composition of the 
ashes from my plot, 7. e., that the sulphuric acid is very constant at 
about 3 per cent., and that the magnesia and lime are also nearl 
constant, that a multiplication of analyses had no object. In the 
series of samples, taken September 2, we have for the magnesia, in 
the samples taken from the three sections, 4.48 per cent., 4.10 per 
cent., and 4.47 per cent., and for the lime we have 1.74 per cent., 
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1.19 per cent., and 1.22 per cent. The phosphoric acid is almost as 
constant, its limits being, as a rule, within 1 per cent., as the series 
taken October 18, in which we have 8.05 per cent. 8.67 per cent., 
and 7.50 per cent., may illustrate. It was then evident, that, so far 
as my own series was concerned, the variations in the composition 
of the ashes were to be looked for in the chlorin and the alkalies. 
We obtain a clear view, in regard to the amount of alkalies present, 
by comparing the alkalies in the different samples after we have 
eliminated the sand, the carbon dioxid, and the organic matter; 
when we find, for a series of six ashes, the following figures: 64.08 
per cent., 64.32 per cent., 63.79 per cent., 62.23 per cent., 62.30 per 
cent., and 63.24 per cent. There is here a general rule, holding, at 
least for my samples, 7. e, that the total alkalies amount to about 
63 per cent of the ash. The percentages of chlorin in the series of 
six ashes from which the figures for the alkalies have been taken, 
present one exception ; the percentages are as follows: 13.61 per cent., 
7.30 per cent., 15.08 per cent., 15.53 per cent.,-15.16 per cent., and 
15.90 per cent. Owing to the one exception, I will give six others, 
in two series of three each, one series taken September 22, and the 
other October 13. Neither has been corrected for carbon dioxid, ete. 
The September series gave: 11.49 per cent., 12.82 per cent., and 
14.41 per cent., the October series gave 14.96 per cent., 12.60 per cent., 
and 13.56 per cent. 

We conclude that the ash of the beet, that is the root, has a 
pretty uniform composition, represented by the following percentages, 
the carbon dioxid, organic matter, and sand, included: For sul- 
phuric acid, about 3.5 per cent.; for phosphoric acid, from 7 to 9 per 
cent., mostly about 8.5 per cent.; for the alkalies, from 48 to 52 per 
cent.; for lime, from 2 to 3 per cent. for magnesia, about 6 per 
cent., and for chlorin, from 11.50 to 14.50 per cent., while the car- 
bon dioxid does not vary by more than 1 per cent. from 15 per 
cent. of the fine ash. 

It is easily recognized that either all of our soils had the same 
effect upon the ashes of the different samples, or the composition of 
the ash of the beet root is really constant, and is but little effected 
by the variety of soil. I believe the latter to be the case, 2. e., that 
the variation in the general composition of the ash of the beet root 
is constant within narrow limits, and is not materially affected, be- 
yond those limits, by the character of the soil. 

I, unfortunately, have almost no analyses of beet ashes at my 
disposal, and the few I have cannot be reduced to any common basis, 
and lose much of the value that they might otherwise have. The 
best I have is an average analysis taken from Wolff’s “Aschen An- 
alysen.” According to this, the alkalies amount to 66 per cent. of 
the ash, carbon dioxid, etc., rejected, the lime and magnesia together 
to 11.5 per cent., phosphoric acid 11 per cent., sulphuric acid 4 per 
cent., but the chlorin is only 5 per cent. 
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The two analyses, quoted from Champion and Pellet, by Me- 
Murtrie, give 60 per cent. for the alkalies, 10 per cent. for the chlor- 
in, 7.5 per cent. for lime, and 6.5 per cent. for magnesia. The 
Massachusetts Report, of 1894, gives for the alkalies, uncorrected, 
53.3 per cent., for the phosphoric acid 9.7 per cent. 


The experiment was undertaken to determine the effect of the 
excessive quantity of alkali salts upon the beet, and in the hope 
that we might find the condition of the land ameliorated by the 
removal of soda salts. The effect upon the percentage of ash in the 
beet was to raise it from 2 to 3 per cent., and this increase was pro- 
portional in the components of the ash, so that the proportion of 
alkalies remained the same. The ratio of the soda to the potash 
was not affected, as I had hoped to fine it; in fact, it was lower for 
the soda to the potash, in the ashes from samples grown on alkali 
ground, than in that from some samples from the Farm plots which 
I had taken as my standard. In samples from sections 1 and 2 
of my plot the percentage of soda varied from 10 to 15 per cent. 
The average analysis taken from Wolff’s tables is 10.25. The sam- 
ples taken from section 3, varied from 16 to 19 per cent., with a cor- 
responding depression of the percentage of potash. This increase 
in the soda ratio is general in the samples from this section, and I, ° 
at first, considered it as due to the influence of the alkali, but one 
of the samples from the Farm plot, where there is no alkali, in the 
sense in which this term is used, showed 18 per cent. of soda, and 
the beets were of excellent quality. I think that the causes which 
brought about the appropriation of the soda in the two cases were 
different; still so long as the causes are not definitely determined, 
the presence of 18 per cent. of soda in the latter case fairly raises a 
doubt whether the excessive soda salts, in the soil, was the real cause 
of the large percentage of soda in the former case, as I believe they 
were. The total alkalies taken up from the alkalized ground, was 
almost exactly the same as that taken up from the good ground. 


The chlorin in the ashes, with one exception, is nearly the same, 
but the average is higher for my plot, owing to the influence of sec- 
tion 8. The conclusion is this, that on soil which is in good, or even 
fairly good, mechanical condition, the composition of the ash of the 
beet is not affected by the presence of alkali, but the percentage of ash 
is raised. On land, however, which is wet and in bad condition, 
the alkali increases the amount of soda and chlorin in the ash. 
This increase in the soda amounts to from 4 to 7 per cent., and in 
the percentage of chlorin to about the same. The conditions which 
are required to produce these results are so unfavorable, ‘that the 
production of any other crop is quite out of the question. 

The lime and magnesia, as already stated, are constant in their 


respective percentages, but they are much lower than the percent- 
ages for the German and French samples or averages. This cannot 
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be due to any deficiency of these compounds in the soil, for both 
the soil and the ground water are rich in them. I have neither an 
explanation nora theory to offer. The twenty odd analyses agree in 
showing that, especially, the lime is low. The ground water carries 
from 125 to 200 grains of calcic sulphate (CaSO, ) to the gallon, 
and the soil is full of this salt. It is evident, from the very low lime 
percentage in the ash, that the beet does not appropriate it freely— 
indeed, scarcely at all. The same is suggested by the uniform per- 
centage of sulphuric acid, not only in regard to the calcic sulphate, 
but also in regard to the sodic sulphate. 


In regard to the leaves, I can find no more data than regarding 
the beets. All that I can find is from the sources already mentioned, 
Champion and Pellet, quoted as above, and an average analysis 
taken from Wolff’s tables. These agree as well as one could expect, 
for the German analysis is an average, while the two French ones 
are of individual samples. 


The French analyses make the sulphuric acid 5 per cent., phos- 
phoric acid 8 per cent., chlorin 11.5 per cent., potash 33 per cent., 
soda 11.5 per cent., lime 12.5 per cent., and magnesia 10 per cent. 
The German data give the sulphuric acid as 5 per cent., the phos- 
phoric acid as 7 per cent., potash 28.5 per cent., soda 14.5 per cent., 
lime 14.5 per cent., and magnesia 14.5 per cent. These percentages 
are only close approximations, but they are sufficient to convey a 
pretty definite idea of the composition of the ash of the leaves, as 
given by these authorities. 


I have, in the tables, placed the analyses of nine samples of ashes 
from leaves, side by side, with those of the beets on which they 
grew, in order that the composition of the leaf-ash and beet-ash 
might be easily compared, but I have no analysis of a leaf-ash which 
may be taken as as standard, so there remains nothing else than to 
take the general averages given by Wolff’s average analysis. A 
comparison of any of my analyses with this shows a wide de- 
parture from it. The sulphuric acid is some lower, the phosphoric 
acid very much lower—5.6 per cent.—the chlorin is over twice as 
high, the potassic oxid is from 3 to 5 per cent. lower, the sodic oxid 
8 to 10 per cent. higher, the lime about 12 per cent. lower, and 
the magnesia 8 or 9-per cent. lower. In other words, there is no 
agreement at all, and I take my analyses, of October 18, as repre- 
senting the composition of the ash of beet leaves, according to 

which we have, for sulphuric acid, 3.5-3.9 per cent.; for phosphoric 

acid, 1.8-2.3 per cent.; potash, 23.7-25.7 per cent; soda, 22.3-25.5 
per cent.; lime, 1.5-2.5 per cent.; magnesia, 6.0 per cent.; chlorin, 
23.3-28.5 per cent.; carbon dioxid, 10.6-15.0 per cent. The soda 
may be too high, and the potash too low, by a few per cent., but the 
percentages serve to indicate the general composition of the ash. 


ee 


The weight of leaves to the single plant is over 100 per cent. 
greater than that given for the average good beet in France. The 
few statements which I have found indicate a higher percentage of 
dry matter, 11 to 16.5 per cent., than I find for our leaves. It must 
be remembered that leaves, so succulent as the beet leaf is, lose 
weight very rapidly, and that the percentage of dry matter in the 
leaf, at the time of weighing, will depend upon the length of time 
that they have been pulled, and also, upon other circumstances. 
The percentage of ash, in the dry matter, is given as 28 to 30 per 
cent., in ours it ranges from 265 to 31 per cent. 


In a preceding paragraph it has been pointed out that, while 
there is a general composition assignable for the ash of the beets, 
there is none, in the same sense, for that of the leaves, and I can 
only compare the samples from different sections of my own plot. 
In discussing the beet ashes I made no mention of any differences 
due to the different stages of development at the time the sample 
was taken. The reason for this apparent omission is, that there is 
no regular variation large enough, and constant enough, to force one 
to the conclusion that it is due to this cause. In illustration of this, 
we will take the beets from section 2 for the three dates, September 
2, September 22, and October 13, when we have, for sulphuric acid, 
3.19 per cent., 3.61 per cent., and 3.48 per cent.; for phosphoric acid, 
8.76 per cent., 8.79 per cent., and 8.68 per cent.; for carbon dioxid, 
14.82 per cent., 14.76 per cent., and 15.69 per cent.; for chlorin, 12.31 
per cent., 12.83 per cent., and 12.60 per cent. for potash, 38.83 per 
cent., 41.62 per cent.,and 42.98 per cent.; for soda, 12.13 per cent., 
9.74 per cent., and 8.81 per cent., and if the potash and soda be taken 
together, there is practically no difference in the percentage of alka- 
lies present on the three dates. 


The whole analyses might be given, but would show no ex- 
ception to the statement that the ash in the immature beet had the 
same percentage composition as that in the mature beet. There 
seems to be one exception to this rule in the leaf-ashes, and this is 
in the case of the chlorin, which increases so generally and uni- 
formly that it is suggestive of a relation between the maturity of | 
the plant and the quantity of chlorin present. The percentages are 
averages for the dates September 2, September 22, and October 13, 
in the order given—18.98 per cent., 24.68 per cent., and 26.52 per 
cent. This is the only one of the constituents which shows this 
variation. The alkalies, on the other hand, are quite constant, with 
an average of about 48.4 per cent., against 52.0 per cent. in the beets. 
The alkalies in the leaf-ashes are, in a rough way, divided about 
equally, with the soda usually, but not always, slightly predominant. 
We conclude that the ash of the beet leaf has a general composition 
which is the same throughout the season, except that there is an 
accumulation of chlorin, as the plant approaches maturity. 
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The principal differences between the ash of the roots, and of 
the leaves, are the following: The ash of the roots contains from 
three to four times as much phosphoric acid; from one half to two 
thirds as much chlorin; about one thirteenth more alkalies; a little 
less lime, and two thirds as much magnesia. The most important 
of these differences is the smaller quantity of phosphoric acid in the 
ash of the leaves, the larger quantity of chlorin, and, not the dif- 
ference in the quantity of the total alkalies, but in the ratio of the 
soda to the potash in them, which has been stated tu be 1:1, roughly, 
with exceptions in favor of a higher soda ratio. 

Apropos to the question of this ratio in the beet ashes, I no- 
tice a great variation in the analyses taken from Wolff’s tables. 
The ratio for soda to potash is 1:2, and in the analyses of Champion 
and Pellet, itis 1:6. In my samples the ratio varies from 1:1.8 to 
1:5. The largest amount of soda was found in samples from section 
3, and the next highest was found in a sample representing the Farm 
plot, supposed to be entirely free from alkali, and which is in most 
excellent condition. I have no analysis of the soil from the Farm 
plot, but as it was a piece of old alfalfa sod, there was probably an 
abundance of available potash present. 

The principal effects of the alkali upon the beet crop were, in 
cases where the alkali alone was in question, that the percentage of 
sugar was scarcely affected at all, but rather beneficially than other- 
wise. That the nitrogen content was increased, and the ash content, 
also, by about 2 per cent. 


THE FOOD REQUIREMENTS OF THE CROP. 


I, of course, hoped to find this plant so tolerant of soda salts 
that it would utilize soda in its economy in place of potash, and 
thereby to be able to remove them from the soil, or at least to fore- 
stall their accumulation to a deleterious extent. As touching this 
particular object, the study leads to an adverse conclusion, or, at best, 
leaves it in serious doubt, for, with two exceptions, we do not find 
the amount of soda removed to be dependent upon the relative quan- 
tities of this compound in thesoil. In the two cases in which larger 
amounts of soda than normal, or what appears to be normal, were 
removed, one could and the other could not be attributed to an al- 
kalized condition of the soil. But we are enabled, by the establish- 
ing of a general composition for the ashes of the beets, and of the 
ratios between the roots and the tops, and the dry matter in each, to 
give the requirements of this crop in Colorado in quite definite 
terms. If we assume a crop of fourteen tons to the acre, and this 
will be a good average crop for our section, we have a total of from 
294 to 384 pounds of mineral matter removed by the roots. This is 
on a basis of 1.05 per cent. ash in the fresh beets, grown on good 
soil, and 1.3 per cent. for beets grown on alkali soil. The tops will 
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remove about 586 pounds, assuming them to be equal to 80 per cent. 
of the weight of the roots, and to have an average of 2.62 per cent. 
of ash, which is their average on our soils. This gives us a total 
ranging from 880 to 970 pounds of mineral matter per acre—or de- 
ducting one seventh for carbon dioxid, we have from 754 to 832 
pounds—of which nearly 60 per cent., or from 450 to 500 pounds, is 
potash and soda together. The ratio of the soda to the potash is so 
indefinite, as has been shown, that there is no basis for a very close 
estimate of the amount of soda removed, but, owing to the large 
large amount of ash in the leaves, and the richness of this ash in 
soda, about one half of the total alkalies, or from 225 to 250 pounds, 
must be soda. The total phosphoric acid removed is between 40 
and 50 pounds. - This is more than the average German crop of 
equal weight removes. The chlorin removed has possibly more sig- 
nificance for our main question than any other constituent. We 
may consider the ash of the root, including the carbon dioxid, as 
containing 12 per cent., and that of the leaves as containing 25 per 
cent. On this basis the roots remove from 35 to 46 pounds, and the 
leaves 146.5 pounds of chlorin per acre, which corresponds to about 
307 pounds of sodic chlorid, or salt, to the acre. The sodic chlorid 
seems to be the only constituent of the alkali removed by the beet 
plant, but as the sulphate of soda constitutes the principal part of 
the alkali, and this being without influence upon the composition 
of the ash, it is not clear, even granting that we could raise a. crop 
of 14 tons to the acre, to what extent the removal of this amount 
of sodic chlorid would better the condition of the soil. 

The soil in question contains chlorin to the amount of 0.025 
per cent. of the air-dried soil, or, taken to the depth of two feet, about 
2,800 pounds of sodic chlorid to the acre. The water, soluble in the 
soil, varies in different portions of the plot from 0.09 per cent. to 
1.4 per cent. of the air-dried soil. The salts, soluble in water, con- 
sist of sodic sulphate, 33 per cent.; calcic sulphate (CaSO, ) 36 per 
cent.; magnesic sulphate (MgSO, ) 21 per cent.; sodic chlorid 2.5 per 
cent.; and loss on ignition, rather less than 7 per cent. The quan- 
tity removed would soon reduce the supply of the sodic chlorid in 
the soil if it were not renewed from some source, but the ground 
water is charged with alkali, of which from 3 to 10 per cent. is sodic 
chlorid, a quantity quite sufficient to replace that removed by the 
crop. 

A legitimate question here, is whether this amount of sodic 
chlorid, 2,800 pounds to the acre, taken to a depth of two feet, has 
any detrimental effect upon the growth or quality of the crop. I 
think that the answer must be that it does not. 

While the experiment was made with sugar beets, I did not ex- 
clude stock beets, and an examination of the analyses of these races, 
given with those of the sugar beets, shows that they remove a much 
larger quantity of soda salts in the roots than the sugar beet does, 
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but this is confined to the roots, as the ratio of the weight of the 
leaves to that of the roots is only about one half as high in the stock 
beets as in the sugar beets; so that the actual weight of the leaves 
in the two cases is about the same. Still it appears from the anal- 
yses that the stock beets would remove more soda salts from the soil 
than the sugar beets, crop for crop, but not ton for ton. The per- 
centages of dry matter and sugar show what the relative feeding 
value of the crops would be. It appears, considering all things, that 
the Lane’s Imperial was the best variety for my purpose, and prob- 
ably would be for feeding purposes, but this discussion lies beyond 
the scope and purpose of this bulletin. 


SUMMARY. 


The object of this bulletin is to present the results of my study 
of the effect of alkali upon the composition of the sugar beet, and to 
contribute to our knowledge of the chemistry of this plant. 


The beet seed will germinate freely in soil containing as much 
as 0.10 per cent. of sodic carbonate, but the young plants are at- 
tacked by as much as 0.05 per cent., and it is doubtful whether any 
of them can survive when there is as much as 0.10 per cent. of this 
salt present in the soil. 

Sodic sulphate affects the germination to a much less degree, 
even when it is equal to 0.80 per cent. of the air-dried soil, but it is 
injurious when present in larger quantities. When both salts, sodic 
carbonate and sodic sulphate, are present in equal quantities, the 
action of the carbonate, or black alkali, is only slightly, or not at all, 
mitigated. 

Magnesic sulphate retards, but does not prevent, germination 
when present in quantities equal to 1 per cent. of the air-dried 
soil, 

Sodic salts hasten germination by from 36 to 48 hours. 

The effect of the alkali, present in our soil, upon the sugar con- 
tent of the beet is, of itself, not detrimental. The maturing, or 
ripening, of the crop corresponds to an increase of from 2 to 3.5 
per cent. of sugar in the beet, and about one third of the total 
yield of sugar. 

Beets may remain unharvested, under favorable conditions, 
without loss of sugar or weight of crop. In our case, there was a 
slight gain between October 6, 1897, and January 8, 1898. 

The difference in the average percentage of sugar in the thirds 
of beets, taken by weight and numbering from the top, is less than 
0.20 per cent. in favor of the second and third thirds, while average 
co-efficient of purity is quite the same for the respective thirds. 
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The percentage of sugar in the crowns is about 1 per cent. less 
than in the rest of the beet, and the co-efficient of purity is but little 
lower than that of the beet. 

Simple freezing does not affect the quality of the beet. The 
sugar is not changed thereby, but the distribution of the sugar in 
the beet may be materially affected in cases where only a portion of 
the beet has been frozen, especially if subsequent thawing has taken 

lace. 
3 The drying out of beets increases the percentage of sugar, but 
is accompanied by an actual loss of sugar. 

The rate of drying out is about 5 per cent. for the first 24 hours, 
but by the end of five days it falls to about 2 per cent., and re- 
mains practically constant for the next 12 days. 

The weight of the leaves of the Colorado grown sugar beet, 
equals about 87 per cent. of the weight of the roots. The weight of 
the leaves does not increase materially during the last six weeks of 
the growing season, but during this time the weight of the root in- 
creases by 64 per cent. of its weight at the beginning of the period, 
or 39 per cent. of the weight of the mature beet. 

The presence of alkali increases the weight of the leaves very 
slightly, and has no marked influence on the date of maturing. 


The amount of dry matter is the same in beets grown upon al- 
kali ground as in those grown on ground free from alkali. 

As the sugar is formed, there is a disappearance of dry matter, 
other than sugar, in the beet, suggesting the formation of the sugar 
in the root by the transformation of substances already deposited 
therein. 

The dry matter in the upper, or first, third of the beet, taken by 
weight, is a little higher than in the other two thirds. 

The effect of the alkali upon the composition of the beet, as 
shown by the ordinary fodder analyses, is an increase in the per- 
centages of the ash, and the crude protein, and a decrease in the 
percentage of nitrogen free extract. The effects of the alkali are 
eee upon the composition of the beet than upon that of the 
eaves. 

The percentage of ash in the fresh roots is about 1.10 per cent., 
and in the fresh leaves it is rather more than twice as much. 


The effect of alkali upon the percentage of ash in the roots is 
to increase it by about 2 per cent., reckoned on the dry matter. 

The amount of mineral matter removed by a crop of stock 
beets is from two to three times as great as that removed by a crop 
of sugar beets. The amount of mineral matter removed by the 
leaves is about the same. 

The percentage of ash in the respective thirds of the beet, taken 
by weight, is, for the fresh beet, a little higher in the upper third 
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than in either of the other two thirds, but the dry matter from the 
third, or bottom, third is richer in ash than either of the other two 
thirds. 


I have failed to find any relation between the percentage of 
sugar and the percentage of ash, and also between the percentage of 
sugar and the composition of the ash. 


The composition of the ash of the beets seems not to have been 
affected by the different character of the soils experimented with, 
either because there was so great an abundance of available, and to 
the plant, acceptable mineral matter present that it was not affected 
by the presence of a large quantity of other salts, or the composi- 
tion of the ash of the sugar beet is very constant. I think that the 
latter is the case; the composition of the ash being represented by 
the following approximate percentages: Sulphuric acid, 3.5; phos- 
phoric acid, 7-9 ; alkalies, 48-52; lime, 2-3; magnesia, 6; chlorin, 
11.50-14.50; carbon dioxid, about 15. 


The ash of the beet leaf has a general composition which, like 
that of the beet, is the same throughout the season, except that 
there is an increase in the chlorin as the plant approaches ma- 
turity. 

The ash of the leaves differs from the ash of the roots in the 
following points: The ash of the leaves contains from one third 
to one fourth as much phosphoric acid, from two to three times as 
much chlorin, a little more lime, about one half more magnesia, 
and about one thirteenth less alkalies. The most important differ- 
ence is the ratio of the soda to the potash, which is one, or more 
than one, to one. 
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Colorado’s Worst Insect Pests 
And Their Remedies. 


BY CLARENCE P. GILLETTE. 


INTRODUCTION. 


It has been the object of the writer, in the preparation 
of the present bulletin, to put together, in condensed form, 
the largest possible amount of information that will be of 
practical value to the people of the state in combating in- 
sect pests. I have, therefore, avoided all technical expres- 
sions that might be annoying and meaningless to the gen- 
eral reader, and have only given the information that 
seemed to me necessary to enable one, who is not specially 
trained in entomology, to recognize the insect or its injury 
in each case and to know how to prepare and use the best 
remedies. There are a number of cases where the popular 
reader would say “worm,’ where I have said “larva,” or 
“caterpillar,” which are the more correct words; and I have 
used the words “pupa” or ‘‘chrysalis’” for the resting stage 
of insects, but I take it that nearly all my readers know the 
meaning of these terms. 

I have not attempted to make the present paper ex- 
haustive, as that would be impossible in a bulletin of moder- 
erate size. I have only taken up those insects about which 
I am most often asked questions and concerning which I 
think information is most needed by the people. 

It is hoped that all who are troubled with insect pests 
of any sort will feel free to make inquiries of the Experi- 
ment Station as to best methods of destroying them or pre- 
venting their injuries. Whenever possible, specimens of 
the insects or their work should accompany the inquiry. 
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APPLE-TREE ENEMIES. 
THE CODLING MOTH. (Carpocapsa pomonella Linn.) 


Fig. 1—Thbe Codling Moth: a, apple showing burrow; b, place where the 
worm entered; d, chrysalis or pupa; e, larva or worm; f, moth with wings closed; 
g, moth with wings spread; h, bead end of larva; i, cocoon in which the larva 
changes to achrysalis. All about hfe size excapt h. (After Riley). 


A flesh-colored worm, eating into the fruit and making 
what are commonly called wormy apples. Common wher- 
ever apples have been grown for a series of years. 

Remedies—About one week after the blossoms have 
fallen, make a thorough application of Paris green or Lon- 
don purple in a coarse spray in the proportion of 1 pound to 
160 gallons of water. At the end of one week repeat the 
treatment, using the poison a little weaker (one pound to 
200 gallons of water), unless heavy rains have intervened to 
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wash off the poison of the first application. The Kedzie ar- 
senite of lime may be used in place of the above poisons if 
preferred. 

In addition to one of the above mixtures use the fol- 
lowing: Put burlap bandages on the trunks about June 
15th and remove them every seven days to kill the larve 
and pupe under them until the last of August. Then leave 
them until winter or ea7/y the next spring, when they should 
be again removed and the worms beneath them killed. The 
prompt destruction of fallen fruit will destroy some of the 
worms, but not a large proportion of them, probably about 
15 per cent. Keep screens on windows and doors of cellars 
and fruit houses where apples are stored to prevent the 
moths that hatch in these places from flying to the orchard. 

Scald in boiling water all boxes and barrels that have 
recently contained apples, pears or quinces. 


THE APPLE FLEA-BEETLE. (Haltica ignita Il.) 


A small metallic-green beetle, about one-eighth of an 
inch in length, that eats holes in the leaves and jumps or 
takes wing quickly when disturbed. 

Remedies.— Use London purple or Paris green in the 
proportion of one pound to 160 gallons of water; or use 
these poisons dry, diluted with flour. The Kedzie arsenite 
of lime, or arsenate of lead, would probably be equally effi- 
cient. 

Dusting the foliage with lime, plaster, ashes, or tobacco 
dust, will usually drive the beetles from the trees, but these 
applications will not kill. 


FRUIT-TREE LEAF-ROLLER (Cacecia argyrospila Walk.) 


Fig. 2.—Fruit-tree Leaf-roller: A, egg-patch on bark from which the 
worms have escaped; B, moth, Both enlarged. The lines at the sides show the 
actual sizes. 


Light green worms with black heads appearing upon 
the trees as soon as the leaves begin to open. The leaves 
are rolled or folded about the worms for the protection of 
the latter from their enemies. When abundant, both apples 
and foliage are sometimes entirely destroyed. The worms 
change to pupe in the leaf rolls from which small yellow or 
rust colored moths appear in July. These moths deposit 
their eggs in oval patches on the trunk and branches of the 
trees where they remain dormant until the following spring. 


Fig. 3.—Fruit-tree Leaf roller: A, 
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rolled and eaten leaves; b, apples that have t " oaten uy here ii ame me 


seen eaten by the worms. 
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RKemedies.—Crush as many of the egg patches as can be 
found during the winter or early spring when other work is 
not pressing. As soon as the blossoms have fallen spray 
with Paris green, London purple or arsenite of lime as for 
the Codling Moth. At the end of a week repeat the appli- 
cation. If heavy rains intervene, or if, for any reason, the 
worms are found to be continuing their work in large num- 
bers after the end of another week, make a third applica- 
tion. Make the first treatment in the strength of about 1 
pound of the poison to 160 gallons of water and the later 
ones a little weaker, about 1 pound to 200 or 240 gallons of 
water. 

If the eggs are very abundant, it will be well to make 
one treatment just before the blossoms open. 

The treatments made after the blossoms have fallen 
will also do service in destroying the Codling Moth and any 
leaf-devouring insects that may be present. 

A thorough coating of white-wash upon the trunks and 
main limbs will destroy a large proportion of the worms 
while eating out from the eggs. My experiments have 
shown that the little worms cannot survive eating through 
alayer of lime over their egg patches. If the coating of 
lime does not cover the patches, or if it becomes loose and 
scales off before the worms eat their way out of the eggs, 
this treatment will do no good. The application of lime 
should be made about the middle of April, or just in ad- 
vance of the blossoming of the earliest plum trees. Use the 
best quality of lump lime in making the wash. 

Mr. David Brothers, of the Colorado State Board of 
Horticulture, reports great success in capturing the moths 
in pans of dilute cider vinegar set about the orchard at 
night. The moths begin to fly about the last days of June 
and continue for two or three weeks. This insect also oc- 
curs abundantly on many other trees, particularly, in this 
state, upon plum, cherry, pear, osage orange and currant and 


rose bushes. 


THE TENT CATERPILLAR. (Clisiocampa fragilis Stretch.) 


This insect is readily recognized by its white silken webs 
or tents in the crotches of the limbs of the trees early in the 
season. The tents begin to be formed as soon or a little be- 
fore the leaves of apple trees begin to open. The caterpil- 
lars make their homes in the tents, but go out over the tree 
to feed. The tents are quite dense and seldom attain more 
than one foot in length. The caterpillars are all gone by 


the first of July. 


Fig. 4.—American Tent Caterpillar, (Clisiocampa americana): aand b, fuli 
grown worms on the outside of the tent; c, egg-mass with the gummy covering 
removed; a, cocoon containing the chrysalis; above all, the moth. (After Riley.) 

Our western species (Cliscocampa fragilis) resembles the above so closely 
that the figure serves equally well for it. 


Remedies.—Collect and burn the tents as soon as they 
are seen.« This should be done early in the morning or in 
the evening when the worms are in the nests. 


THE FALL WEB-WORM. (Hyphantria cunea Dru.) 


A yellowish or brownish caterpillar with a black head 
that forms a large loose web or tent in a great variety of 
trees, beginning to appear about the first of July and contin- 
uing through the summer. The larve are rather sparsely 
covered with long hairs that are whitish or yellowish in color, 
with occasional black ones for variety. This insect is read- 
ily distinguished from the Tent Caterpillar in habits as the 
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larve of the Fall Web-Worm form a very loose tent with 
which they inclose the leaves upon which they feed, and they 


do not appear until the Tent Caterpillars have nearly or 
quite disappeared. 


Fig. 5.—Fall Webworm: a and b, full grown larvae showing light and 
dark forms; c, the chrysalis; d, moth, showing dark spots. All some enlarged. 
The {lines show the actual lengths. Usually the moths are entirely white. 
(Howard Yearbook, U.S. Dep. of Agr. 1895.) 

Remedies.—If the webs are noticed when small they 
should be cut out and the larve destroyed. If the web has 
become large, enclosing many branches of the tree, it may 
be better to burn out the worms with a torch. Where 
there is no danger of poisoning fruit, Paris green may be 
sprayed or dusted upon the foliage immediately surround- 
ing the web. These leaves wiil soon be enclosed for food 
and the worms eating them will die. 


THE FLAT-HEADED APPLE-TREE BORER. (Chrysobothris 
femorata Fabr.) 


A yellowish white larva boring beneath the bark in the 


sapwood of apple and many other trees and quite peculiar 
in appearance on account of its having the anterior seg- 
ments of its body (not its head) greatly enlarged and flat- 
tened. 

Remedies—This borer is usually found on the south or 
southwest side of the tree where the bark has been scalded 
by the sun and it seldom attacks healthy, vigorous trees. 
So that the protection of the trunk from sun-scald and other 
injuries to the bark will do much to prevent the attacks of 
this insect. 

If the borers get into the trees their presence is detect- 
ed by the dark color of the bark, and in such cases there is 
probably no better remedy than to make a vigorous use of 
the pocket knife for their removal. “This may be done in 
the fall or winter when work is least pressing. 

The use of strong soapy mixtures and of kerosene 
emulsion during the month of June and the fore part of 
July are also much recommended, but the writer believes 
the pocket-knife remedy will prove most satisfactory. 


THE APPLE-TWIG BORER. (.dinphicerws bicawdatus Say.) 


a5 


Wig. 6.—Apple Twig Borer : a, beetle, dorsal view: a’, beetle, side view; b, 
pupa trom beneath; c, grub, side view; d, apple twig showing burrow; e, burrow 
in tamarisk with pupa at bottom: f, stem of grape showing burrow. All en- 
larged except the stems showing burrows. (Marlatt, Farmer’s Bull, 70, Div. 
Entomology, U.S. Dep. of Agr.) 
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A cylindrical, mahogany-colored beetle, about one-third 
of an inch in length, boring holes in twigs of apple, pear, 
cherry, osage orange and other trees and grapevines, the 
burrow starting just above a bud and extending downwards. 

Remedy—Cut out the infested stems and burn them. 


THE BUFFALO TREE-HOPPER. (Ceresw bubalus Fabr.) 


A light-green, three-cornered insect, about one-third of 
an inch in length. What appears to be the head, really the 
thorax, is large and broad and terminates abruptly, having 
on either side a short, sharp spine, or thorn, somewhat re- 
sembling the horn of the buffalo, and hence the common 
name of the insect, which is, withal, a good jumper. This 
insect feeds upon a great variety of plants and is quite 
abundant in Colorado. It does its chief injury while depos- 
iting eggs during the months of August and September in 
small limbs of various trees, including the apple. A double 
row of eggs is deposited in a longitudinal slit that the fe- 
male makes in the bark. The growth of the limb spreads 
the slit into an oval scar as shown in the accompanying illus- 
tration. 


Fig. 7.—Buffalo Tree Hopper: a, female much enlarged; b, foot of same 
enlarged; c, antenna or feeler; d, wing; f and g, last segments of the female abdo- 
men; i, last ventral segments of the male. (Marlatt. Circular 23, U.S. Dep. of 
Agr., Div. of Entomology.) 


Remedy—These hoppers seem to have the habit of ac- 


cumulating on certain small trees to deposit their eggs, so 
that some trees will be almost covered with scars, while 
others near by have few of them. About the only remedy 
seems to be to cut out the limbs in which the eggs have been 
deposited before the eggs hatch in the spring and burn 
them. 

I have noticed these badly infested trees, as a rule, 
about the borders of the orchard or in orchards where a 
large amount of foul stuff was growing, and I believe clean 
culture will do much to keep this pest out of the orchards. 


THE SCURVY BARK LOUSE. (Chionaspis furfurus Fitch.) 


The presence of this insect is indicated by very small 
white scales upon the trunks or limbs of the trees, when 
abundant, entirely covering the bark and appearing like a 
covering of scurf or dandruff, and hence the common name. 
The female scales are broad and oval at one end and are 
about a tenth of an inch long; the male scales are not over 
one-twenty-fifth of an inch in length and are long and nar- 
row. 


_ Fig 8.—Scurvy Bark Louse: a, twig showing scales of female louse; b, 
twig showing scales of male louse; c, scale of female greatly enlarged; d, scale of 
male greatly enlarged. (Howard, Yearbook, U.S. Dep. of Agr., 1894.) 

Remedies—Whale-oil soap, 2 pounds to a gallon of wa- 
ter, kerosene emulsion that is one-fourth kerosene, or lime, 
sulphur and salt mixture, applied while the trees are dor- 
mant, would probably kill the scales. After the leaves are 
out, if the lice have not been killed, use kerosene emulsion 
of ordinary strength about the last of May and again about 
the 10th of June. i 
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THE OYSTER-SHELL BARK-LOUSE. (Wytilaspis pomorum 
Bousche.) 


This scale is common in the eastern and northeastern 
U.S.and in Canada. Itis an enemy of the apple-tree of 
considerable importance and will doubtless be found insome 
of the orchards of this State at no distant date, though it 
has not yet been reported in Colorado. It is a very easy 
pest to overlook. The scales are about one-eighth of an 
inch in length, a little curved like an oyster shell, and the 
color is almost exactly that of the bark of an apple tree. 
They occur chiefly upon the bark and, when abundant, weak- 
en the vigor of the tree or even cause it to die. The scales 
are very well shown in Fig. 9. During the fall, winter and 
early spring, these scales have eggs beneath them. About 
the last of May the eggs hatch and the minute yellowish 
lice travel about over the tree, find suitable locations, insert 
their beaks, feed and grow, forming over themselves the 
peculiar scale under which they deposit eggs and die by the 
last of August or early in September. 


Fig. 9—Oyster-shell Bark—Louse :? a, female scale from below, showing 
eggs, greatly enlarged; b, the same from‘above; c, female scales on twig natural 
size; e, male scales, natural size; d, male scale enlarged. (Howard, Yearbook, U. 
8. Dep. of Agr., 1894.) 


Remedies—The same as for the preceding species. 


THE SAN JOSE SCALE. (Aspidiotus pernicious Comstock.) 


This is the most dreaded of the insect pests of the apple 
orchard. As yet there has been no authentic record of its 
occurence in any of the orchards of this State, but it has 
been a most destructive orchard pest in California, Oregon, 
Washington, and in several of the eastern and southern 
states. It is transported from place to place almost entirely 
upon nursery stock and the utmost care should be exercised 
to prevent its gaining an entrance into any of the orchards 
of Colorado. It will feed upon almost any of the deciduous 
trees and shrubs and consequently is very hard to extermi- 
nate in any locality where it has once gained an entrance. 

The scales are very inconspicuous so that trees are lia- 
ble to be killed by the insects before the owner becomes 
aware of the presence of the scale. 

The female scales are circular in shape and dark gray 
in color with a small red or rust-colored spot at the center 
and measure from one-sixteenth to one-twelfth of an inch 
across, The male scales are black in color and are smaller 
than those of the female. They occur upon trunk, limbs, 
leaves or fruit, and usually cause a reddish coloration of the 
tissue immediately. about the scales, which is very charac- 
teristic of this species. 


Fig. 10.—San Jose Scale: a, pear showing the scales, natural size; b, 
female scale enlarged; B, section of limb showing scales natural size. (Howard, 
Yearbook, U.S. Dep. of Agr., 1894.) 


Remedies—While the trees are dormant use the same 
remedies as are recommended for the Scurvy Bark-Louse. 
In case it becomes necessary to treat the lice after the leaves 
are out, use kerosene emulsion or whale-oil soap of the or- 
dinary strengths and make five or six applications at inter- 
vals of about five days. If an orchard, or even isolated 
trees, become badly infested and the lice do not succumb to 
winter treatment, it will usually be better to cut down the 
trees and burn them completely. 


PUTNAWM’S SCALE. (4spidiotus ancy/us Putnam.) 


This scale resembles the preceding so closely that it is 
impossible to give characters that will enable one who does 
not possess a compound microscope to distinguish between 
them with much certainty. The small male scales of this 
species are not black, however, as in case of the San Jose 
scale. When either of these scales are suspected it will be 
well to send specimens to the experiment station for determi- 
nation. 

Remedies for this species are the same as for the Scurvy 
Bark-Louse mentioned above. 
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THE APPLE PLANT-LOUSE. (4phis mali Fabr.) 


During the winter and early spring there are small 
shining black specks in rough places in the bark and about 
the buds, or, as is often the case when abundant, distributed 
promiscuously over the surface of small limbs, usually most 
abundant where there is abundance of fine plant hairs mak- 
ing a felty covering to which the eggs are easily attached. 
See Fig. 12. 

Just before the buds open, the eggs hatch, producing a 
green louse which grows to about one-twelfth of an inch in 
length and which takes up its abode upon the leaves where 
it grows rapidly and, by its injuries, causes the leaves to curl 
so as to form for itself a partial protection. 

Remedies—The best time for treatment is while the 
trees are dormant, any time after the leaves fall and before 
the buds open. For treatment during this time use either 
kerosene emulsion, double strength (diluting only enough 
to make the mixture one-seventh kerosene), or whale-oil 
soap in the proportion of 1 pound to six gallons of water. 
The very best time to make the application is after the lice 
have all hatched and just before the buds open enough to 
give the lice protection. The danger in waiting for this 
time is that one is liable to wait a day or two too long and 
then the lice will get into the open buds and be so protected 
that some will escape to perpetuate the species and the in- 
crease is very rapid. 

After the leaves are out, kerosene emulsion of the ordi- 
nary strength (one-fifteenth kerosene), or whale-oil soap in 
the proportion of 1 pound to 8 gallons of water, are the best 


remedies. Apply as a spray and be sure to make the appli- 
cation thorough. 
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THE WOOLLY APHIS. (Schizonewra lanigera Hausm.) 


A very soft-bodied louse, more or less covered with a 
white, flocculent excretion, resembling wool, and causing a 
blood-brown stain when crushed in the hand. One form of 
this insect occurs on the roots of the trees and produces 
wart-like swellings; another appears on the trunk and limbs 
and is usually densely covered with the woolly excretion. 


Fig. 13.—Woolly Aphis, root form : a, smal] root showing swellings caused 
by the lice; b, wingless louse showing woolly secretion; c, winged louse. The 
lice are very much enlarged, the actual sizes being shown by the lines at the 
sides of the illustrations. 


Fig. 14.—Woolly A phis, aerial form, showing wipged and wingless lice en- 
larged, and a scar on a limb that has been attacked by the lice. 

Remedies—Probably the best remedy for the root form 
is tobacco dust worked into the ground to the amount of 3 
to 6 pounds about the crown of the tree and then wet with 
water. 

In the hands of one who has had experience, carbon bi- 
sulphide may be used effectually by injecting it into the 
ground about the crown of the tree. Kerosene emulsion, 
whale-oil soap and hot water, have all been used success- 
fully, but probably all should give way to tobacco dust,which 
is cheap, effectual and lasting in its effects. 

To keep the aerial form in check, begin in the latter 
part of May when the little white patches of lice begin to 
appear about wounds and tender places on the bark of the 
tree and, by means of a paint brush, apply pure kerosene to 
every patch of lice that can be found. 

If the lice spread over the tops of the trees they may be 
treated with kerosene emulsion, ordinary strength, but it is 
necessary to throw it with a great deal of force so as to wet 
through the “wool” which protects the lice from any light 
spray. 
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Where the lice are found on the roots of nursery stock, 
it is advisable to dip the roots in ordinary kerosene emul- 
sion, or in whale-oil soap in the proportion of 1 pound to 8 
gallons of water or to fumigate with hydrocyanic acid gas. 

Other insects mentioned in this paper that sometimes 
occur on the apple, are Red Spider, the Brown Mite and 
Grasshoppers. 
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Fig. 11.—San Jose Scale: a, female removed from scale; a, antenna; ¢, 
erayid female showing unborn young; d, tail end of a female, all greatly enlarged 
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(See page 14.) 


PEAR-TREE ENEMIES. 
THE BROWN MITE. (Bryobia Pratensis, Garman.) 


This insect is also called ‘Clover Mite,” and in some lo- 
calities it is called ‘““Red Spider” on account of the rust-red 
color, but the last name is applied to another mite treated 
on another page. ‘The eggs of this insect are nearly globu- 
lar, of a bright red color, and often occur in enormous num- 
bers on the bark of pear,apple and other orchard trees 
most often on the pear in Colorado. They give the bark a 
rusty red appearance and will stain the hand if it is rubbed 
over them. The eggs are so small that, without a glass, it 
would be impossible to discover their real nature. Durin 
May they hatch and the little mites coming form them ares 


at first, a bright vermilion red in color. As they grow this 
color fades into a rusty brown. When mature, the mite re- 
sembles a very small spider and is just large enough to be 
plainly seen by one who has fairly good eye-sight. 

As the result of the attacks of this mite the foliage of 
the tree becomes bleached and sickly in appearance. Aside 
from the pear it attacks badly the cherry, apple and plum 
and perhaps a few other trees. 

Remedies—Those who use the lime, sulphur and salt 
wash in the vicinity of Grand Junction, Colo., assure me 
that it completely rids their trees of Brown Mite. 

In my own experiments I have found whale-oil soap in 
the proportion of one pound to 4 gallons of water, or kero- 
sene emulsion diluted so that the kerosene will be one- 
eighth of the mixture, applied before the eggs hatch, to de- 
stroy the latter completely, none whatever hatching where 
thousands were treated. The same applications in one-half 
the foregoing strengths will kill the mites after they hatch. 
ihe best time to make the treatment is before the eggs 


hatch. 


THE PEAR-TREE SLUG. (Friocanipa cerasi Peck.) 

This insect attracts attention as slimy, olive-green slugs 
upon the leaves, which they kill by eating off the soft part 
and leaving the veins. When abundant, they entirely de- 
stroy the foliage, leaving the leaves brown and dry as if 
killed by fire. There are two broods, one appearing in June 
and one in August. 


Fig. 15.—Pcar Slug: a, adult female fly; b, larva or slug with the shmy 
covering removed; c, same as the preceding in natural condition; d, leaves show- 
ing slugs and their injuries. (Marlatt, Circular 26, Seeond Series, U.S. Dep. of 
Agr., Diy. of Entomology.) ¥ 


Remedies—There are several remedies that may be 
successfully used against this insect. White hellebore lightly 
dusted over the foliage in the evening, or applied in a 
watery spray in the proportion of an ounce to three gallons, 
is probably the best. Paris green or London purple dusted 
or sprayed upon the foliage will accomplish the same result. 
Aur-slaked Jime or strong wood ashes have often been rec- 
ommended and are probably of some use. Even fine road 
dust has been recommended as all sufficient for the destruc- 
tion of the slimy larve of this saw-fly, but I am inclined to 
think that the last of these remedies, at least, is of little use, 
and I have dusted lime freely upon the slugs without any 
apparent harm to them. Pyrethrum, or Persian Insect Pow- 
der, dusted over the slugs will kill all that it comes in con- 
tact with. 

This slug also attacks the foliage of plum and cherry 
EES. 


THE PEAR LEAF-BLISTER. (Phytoptus pyri Scheuten.) 


This disease is indicated by small black spots appear- 
ing upon pear leaves, sometimes so numerous as to run to- 
gether and involve a great portion of the leaf. Before turn- 
ing black the spots are green like tthe rest of the leaf. An 
examination of the spots will show that they are slightly 
thickened portions and each one is the habitation of a large 
number of very minute parasites. 

Remedies—The parasites spend the winter, chiefly, un- 
der bud-scales upon the trees, and may be killed during 
winter or early spripg, when the trees are dormant, by a 
spray of kerosene emulsion in which the kerosene is one- 
fifth of the mixture. © 

Other insects mentioned in this paper that are some- 
times found attacking the pear, are: Codling Moth, Red 
Spider, Brown Mite, Fruit-tree Leaf-roller, Tent Caterpil- 
lar, Flat-headed Borer, Fall Webworm, Buffalo Tree-Hop- 
per, San Jose Scale and Putnam’s Scale. | 


PLUM-TREE ENEMIES. 
THE PLUM GOUGER. (Coccotorus prunicida Walsh.) 
This insect ts often mistaken for the Plum Curculio, 
mentioned below, which does not occur in C lorado as yet. 


The Gouger is a native of the Western United States,where 
it has fed from time immemorial upon native plums and it 
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Nas not yet acquired a taste for th: more luscious European 
varieties. At least, it seldoms attacks anything but native 
varieties of the plum. 


Fig. 16—Plum Gouger: a, plum pit showing hole for exit of Gouger; b, 
Gouger. (Riley & Howard, Insect Life, Vol. IJ, U.S. Dep. of Agr., Div. of Ento- 
mology.) , 


The beetle is about one-fourth inch in length, has a 
rather long, curved snout, or rostrum; the wing covers are 
of a leaden gray color, finely spotted with black and brown, 
while the thorax and head are ocherous yellow. The beetles 
begin appearing before the blossoms open. At first they 
puncture the calyx and feed on the ovary of the flower, com- 
pletely destroying it for the production of fruit. Later their 
punctures may be seen on the growing plums, some being 
made for food and others for the purpose of depositing 
eggs. In the laboratory six of the beetles, in 24 hours, 
punctured the calyces and ate the ovaries of 65 buds and 
blossoms. The punctures made for egg-laying are shallow 
and the egg, after being deposited, is flush with the surface 


Fig. 17.—Pium Gouger and its punctures on a plum. (After Bruner.) 


of the plum. Fora short time it is yellowish white in color, 
but, where it is exposed to the light, it soon becomes shining 
jet black. The larve on hatching eat their way directly to 


ie PION 


the pit leaving a minute black line to mark their course. 
On reaching the pit they do not burrow about it as in the 
case of the Plum Curculio but burrow straight on into the 
meat of the pit on which they feed until fully grown. Then 
the grub eats a hole through the pit so it can escape after it 
has changed to a beetle. The beetles emerge usually a lit- 
tle before the plums ripen, and destroy the fruit. The fruit 
that is punctured by the beetles becomes hard and gnarly 
and is usually worthless. 

Remedies--My experiments do not indicate that poison- 
ous sprays can be used to any profit against thisinsect. The 
best remedy we know of at present is to jar the trees daily, 
‘either in the morning or in the evening and catch the 
beetles on sheets spread beneath the trees. Make a large 
sheet for the purpose, slit it from the middle of one side to 
the center and, in using, pass the strips thus made either 
side of the tree so that the latter will stand at the center of 
the sheet. Two men can use such a sheet very rapidly. 
Begin the work as soon as the trees blossom and continue 
as long as you can get half as many gougers as the number 
of trees jarred. 


THE PLUM CURCULIO (Conotrachelus nenuphar Herbst.) 


This is by far the most serious pest to plum culture in 
the East. It also attacks other pit fruits, including the 
cherry. A dark brown to blackish snout beetle; about one- 
fifth of an inch long and with four prominent humps on each 
wing cover. The mark that the beetle makes on the fruit 
when “‘stinging” it for the deposition of an egg is very char- 
acteristic and has given this insect the appellation, “Little 
Turk.” A puncture is made with the jaws and an egg de- 
posited init and then the beetle turns about and cuts a 
crescent partly surrounding the egg. The grub eats through 
the flesh of the plum to the pit and then feeds about the pit 
but never eats into it. The fruit, as the result of this injury, 
falls. 

Remedies—Jarring as for the Plum Gouger is the best 
remedy for this insect. Some benefit can be derived from 
the use of arsenical sprays but, if the same expense is put 
into the work of jarring and collecting the beetles, it is gen- 
erally believed that more good will be derived. i 

Where chickens can be kept in large numbers under 


the trees early in the season this insect seldom does much 
injury. 


THE PLUM-LEAF NAIL-GALL (Phytoptus sp.) 


The leaves of the American varieties of the plum are 
sometimes injured by the production of a large number of 
slender tubular projections standing out from their upper 
surfaces as shown in the accompanying illustration. Inside 
each gall is a large number of very small spider-like insects 
or mites of the appearance of Fig. 19. 


Figs. 18 and 19.—A, plum leaf showing the galls; B, one of the galls en- 
larged and cut to show the interior. : 

Remedies—Probably nothing can be Gone of much 
value while the leaves are on the trees. Fallen leaves 
should be destroyed as far as possible by fire and the trees 
should be sprayed during the winter or early spring with 


Fig. 20.—One of the mites that produce the nail-gails on plum leaves 
greatly enlarged. 


kerosene emulsion of double strength (an emulsion in which 
the kerosene is about one-seventh of all), or whale-oil soap 
in the proportion of 1 pound to 4 gallons of water. 


PLANT LICE. 


For all plant lice attacking the plum, use the remedies 
recommended for the Apple Aphis. Apply the mixtures 
with considerable force so as to thoroughly wet the bodies 
Omriesice: Fee 

The following insects, treated in this bulletin, also at- 
tack the plum: The Pear Slug, Tent Caterpillar, Fall 
Webworm, Red Spider, Brown Mite, Peach Borer, Grape 
Leaf-hopper, San Jose Scale and Putnam’s Scale. 


PEACH-TREE ENEMIES. 
THE PEACH BORER (Sannina eviticsa Say-) 


A yellowish white larva, or borer, working beneath the 
bark at the crown of the tree and down on the roots causing 
the exudation of a gummy substance. The eggs are laid 
about the crown of the tree by asmall moth with narrow 
steel-blue wings that flies in the bright sunshine and much re- 
sembles a wasp in appearance. 
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Vig. 21.—Peach tree Borer: a, adult femate; b, adult male; c, full-grown 
larva; d, female pupa; e, male pupa; f, pupa skin and cocoon. All about natural 
size. (Marlatt, Circular 17, Second Series, U. S. Dep. of Agr. Div, of Ento- 
mology, 

Remedies—Wherever the gummy exudation is seen, 
cut out the borer with a knife. This should be done early 
every spring, without fail, and if thoroughly attended to, 
will keep the insectin check. A little dirt should be brushed 
away from the the crown of the tree to discover any burrows 
that may not be apparent at the surface. Many prevent- 
ives have been recommended to keep the female moth from 
depositing her eggs upon the trees.’ Wrapping the trunks 
of the trees to a height of 8 or 10 inches with tarred paper 
is probably as good as any of these. 

Any of the following insects mentioned in this bulletin 
may also be found attacking the peach: Plum Curculio, 
San Jose Scale, Red Spider, Brown Mite and Plant Lice. 


CHERRY-TREE ENEMIES. 


_ The insects mentioned in this paper that may also be 
found attacking the cherry are: the Fruit-tree Leaf-roller, 
Tent Caterpillar, Fall Webworm, San Jose Scale, Brown 
Mite, Pear Slug and Plum Curculio. : 


THE ACHEMON SPHINX. (Philanvpelus achemon Drury.) 


The young larva hds a long horn on the last 
segment of the body while the fully grown worm only 
has a shining black spot. The eggs are deposited 
early in July on the leaves of grape and Virginia 
creeper. The larve soon hatch from them and feed on the 
leaves until about the last of August when they become 
fully grown and descend to the ground to pass the winter in 
the chrysalis. 

Remedies—The worms are so laftge that they are 
readily seen and can be collected by hand and destroyed. 
They may also be destroyed by the use of Paris green or 
London purple sprayed or dusted on the leaves or, when 
unsafe to apply poison, by the use of Pyrethrum. 


INSECT ENEMIES OF VIRGINIA CREEPER. 


The foregoing enemies of the grapevine also attack the 
Virginia creeper and the remedies to use are the same in 
both cases. 


INSECT ENEMIES OF SMALL FRUITS. 
THE EIGHT-SPOTTED FORESTER (.dlypia octomaculata Fab.) 


The larve of this insect are common upon the grape 
vines in July and again in September. They are marked 
with numerous white, black and reddish cross-lines. On the 
middle segments of the body there are about eight black 
and seven white cross-lines to a segment and a_ broader 
reddish line on the middle of the segment. Low on the 
sides of the body and back of the three anterior pairs of 
legs there are rather irregulay white blotches. When fully 
grown the larve are about one and one-half inches long. 

The moth spans a little more than an inch from tip to 
tip of wings, and is black in color with two large cream col- 
ored spots on each fore wing and one large and one small 
white spot on either hind wing, the large spot being at the 
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base of the wing. The moths flyin May and again in the 
early part of August. 


Fig. 22.—Hight spotted Forester: a. larva; b, one segment of body of 
larva enlarged; ¢ moth. Natural size except b. 


Remedies—When safe to use poisons, spray thoroughly 
with Paris green or London purple. If there is fruit nearly 
grown so as to make the application of poison unsafe, use a 
bellows duster and make a thorough application of Buhach 
(Pyrethrum. ) 

This insect also attacks Virginia creeper badly. 


THE GRAPE LEAF-HOPPER. (Typhlocyba conves Say-) 


A very small jumping insect abeut one-eighth of an inch 
long and light yellow in color beautifully marked with red 
and black. When abundant, these hoppers will fly from the 
vines in large numbers when the latter are jarred. They 
cause the leaves to turn pale and sometimes they will even 
turn brown and curl up. In early spring, before the grape 
leaves open, these insects sometimes occur in enormous 
numbers on strawberries and I have also seen them in con- 
siderable numbers on currant and gooseberry bushes and 
upon Virginia creeper. 

Remedies—Spray forcibly with kerosene emulsion early 
in the morning, before sunrise. At this time the hoppers 
are dumpish and can be easily knocked off the leaves with 
the spray and wet down with it. 

When abundant on strawberries early in the spring it is 
very important to make a thorough treatment of the emul- 
sion as above, or, if the vines have not started too much, 
spread a light covering of straw over the patch and burn it. 


THE IMPORTED CURRANT BORER. (NSesia tipuliformis, Linn.) 


Piths of currant stems burrowed out by a yellowish 
white larva about half an inch long. Before maturing the 
larva eats a hole to the outside. Bored stems sometimes 
wilting and dying and sometimes breaking down as the 
result of the injury. 

Remedy—Cut out the infested stems and burn them 
before the first of June each year. 


THE NATIVE CURRANT SAW-ELY. (Pristiphora Srossulariue 
Walsh.) 


A green larva, about half of an inch long when fully 
grown, feeding upon the leaves of currant and gooseberry 
bushes. Appearing late in June and again about the last of 
August. The adult insect is a black four-winged fly about 
the size of a house-fly. The eggs are deposited, one in a° 
place, under the epidermis of the leaves. 

Remedies.—The best remedy for this pest is white helle- 
bore dusted lightly over the foliage in the evening. If this 
is carefully done, nearly every larva can be found dead 
under the bushesthe next morning. Paris green or London 
purple may be used either dry or in water as for other leaf- 
eating insects. The latter poisons should not be used before 
the currants are picked. 


THE WESTERN CURRANT AND GOOSEBERRY SPAN- 
WORMS. (T7hamnononva, SP:) 


Light yellow larve, about one inch long when mature, 
and looping their bodies when walking. Sometimes com- 
pletely stripping the foliage from the bushes. 

Remedies.— Dust or spray Paris green or London pur- 
ple as for other leaf-eating insects, or dust freely with 
Buhach (Pyrethrum). A thorough spraying with kerosene 
emulsion would probably be equally effectual. 

Other insects mentioned inthis paper that attack cur- 
rants and gooseberries are: Red Spider, Tent Caterpillar, 
Fruit-tree Leaf-roller, Grape Leaf-hopper and Grasshoppers. 


STRAWBERRY LEAF-ROLLER. (Pho.vopteris fragariae, W & R.) 


Small yellowish-brown to greenish larve, attaining nearly 
one-half inch in length when fully grown, and having the 
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habit of folding the leaves of the strawberry vines for their 
protection. When abundant they almost completely defol- 
iate the vines. There are two broods, one appearing late in 
June and another in August. 

The mature insect is a small rust-colored moth with 
more or less white and black markings on the wings and 
spanning about half an inch from tip to tip of wigs. 
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Fig. 23.—Strawberry Leaf roller: a, larva natural size; b, head end of 
larva enlarged; c, moth about twice natural size; d, tail end of larva enlarged. 
(After Riley). : 
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. Nig. 24.—Strawberry leaves showing their appearance when folded by the 
roler. (After Weed). 


-Remedies—This is a’ rather difficult insect to manage 
as it 1s not safe to use the arsenites on the plants for the 
first brood. When the larve first appear, dusting the foliage 
lightly with white hellebore will destroy many of them. 
When the second brood appear, and the berries have been 
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picked, apply Paris green in flour dusting it thoroughly 
over the leaves in the evening when there is some dew on. 
An application very early in the morning will do equally 
well. Mix the poison and flourin the proportion of about 
1 to 20 by weight and dust from a cheesecloth sack. 

This insect has been reported quite abundant about 
Rocky Ford, this state, and it is the only place that I know 
it to occur in Colorado. 

The other insects mentioned in this paper that attack 
the strawberry are: Red Spider, Apple Flea-Beetle and 
the Grape Leaf-hopper. 


INSECT ENEMIES OF ROSE BUSHES. 
THE RED SPIDER. (Tetranychus, Sp-) 


This insect is seldom abundant enough to do appreciable 
harm to orchard trees, but often becomes a serious pest on 
rose and currant bushes, sweet peas and other low plants. 
Although called “Red Spider,” it is seldom red in color, but 
nearly always pale green with about three dark blotches on 
either side of the body. It is spider-like in appearance and 
is so small as to be seen with difficulty without the aid of a 
magnifying glass. It inhabits, chiefly, the under side of the 
leaves. 


Fig. 25,—Red Spider : a, view from above, adult ; b, one of the feet show- 
ing claw; c, the beak and one of the feelers or palpi; d, the end of the palpus 
more enlarged. All greatly enlarged. (Riley, Insect Life, Vol. II, U.S. Dep. of 
Agr. Div. of Entomology.) 


where it works beneath a very delicate web which it spins. 
In this respect it differs from the Brown Mite which does not 
spin a web, The eggs are deposited under the web and are 
globular and transparent. 

Remedies.—This insect thrives best in a dry atmosphere 
and the free use of water is probably as good a remedy as 
has been found. Apply often in the form of a spray taking 
pains to treat the under side of the foliage. 

In addition to the above, the Fruit-tree Leaf-roller and 
a Plant Louse also attack the rose. I have also been informed 
that the Rose Slug, an insect resembling the Pear Slug, has 
become a pest in Denver. The remedies for it are the same 
as for the Pear Slug. 


SHADE=TREE ENEMIES. 


THE BOX-ELDER LEAF-ROLLER. (Cacacia semiferana, 
Walk.) 


This insectisa close relative ofthe Fruit-tree Leaf-roller 
and it is quite commonly thought not to be different. It 
seems to confine its attacks exclusively to the box-elder, 
however, in this state,as I have never yet found the larve 
feeding upon anything else. Its habits and appearance are 
much like the fruit tree species. 


Vig, 26.—Egg-patch of Box-elder Leaf-roller, greatly enlarged to show the 
arrangement of the scales. 
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Vig. 27.—Two trees that were standing side by side, the one at the right untreated and the foliage all eaten 


off; the one at the jeft treated with Paris green and the foliage saved. From photograph by the author. 


largely black beneath. The eggs are laid in the crevices of 


rough bark and are covered with the scales from t 
side of the abdomen of the female which are p 
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shingles upon a roof as shown in Fig. 26. The larve are 
light green or yellowish green in color and lack the black 
coloration of the head which is so distinct in case of the 
fruit tree species. 

Remedies—The same as for the Fruit-tree Leaf-roller. 


THE BOX-ELDER PLANT-BUG. (Leptocoris trivittatus Say.) 


A rather flat bug, about half an inch in length, appear- 
ing black with narrow red margins to the thick portion of 
the wings and to the thorax, and with the body beneath the 
wings red. The adult bug lives over winter in protected 
places and often becomes very annoying in the fall and on 
warm days in the winter by crawling into dwellings. Often 
seen in large numbers on the south side of stone or brick 
walls in the sunshine and sometimes called “brick bug” in 
consequence. When warm weather in the spring comes on, 
the bugs go to box-elder trees and deposit their reddish 
eggs in crevices of the bark. The young feed chiefly on 
box-elder. 

Remedies—Boiling hot water dashed upon the bugs 
when clustered upon buildings will destroy them. Ordinary 


; Fig. 28.—Box-elder Plant-Bug: a, eggs; b,c, d, different stages of the 
immature insect; e, mature insect. All considerably enlarged. [Howard, Circu- 
lar 28, Second Series, U. S. Dep. of Agr., Div. of Entomology.] 


applications for the destruction of these adult hibernating 
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bugs are useless. I have used kerosene emulsion, whale-oil 
soap, tobacco decoction, Zenoleum and Pyrethrum, all very 
strong, and with almost no effect except to make the bugs 
uncomfortable for atime. Ido not know of any experi- 
ments having been tried upon the young but presume that 
kerosene emulsion or whale-oil soap of ordinary strengths 
will kill them if thoroughly applied. 

The only other insect that troubles the box-elder badly 
in Colorado is the plant-louse ( Chaztophorus negundinis 
Thos). Use the same remedies as for the Apple Aphis. 


THE COTTONY MAPLE SCALE. (Pulvinariaw innumerabilis, 
Rath.) 


A yellowish or brownish oval scale on the twigs of soft 
maple. During the fall, winter and early spring the scales. 
are quite flat, but, during May, the scales become convex 
and, finally, a mass of white cottony threads appear at one 
end, raising that end of the scale from the limb to an angle 
of about forty degrees or even more. In this cottony mass. 
an enormous number of minute yellowish eggs are depos- 
ited, often as many as 2,000 to the single scale. It is at this 
time that the scales attract most attention on account of the 
cottony secretion. 


Fig. 29.—Cottony Maple Scale: a. eggs before hatching; b, egg after 
hatching; c, young larva; all much enlarged. (Riley, U.S. Dep. of Agr. Rep., 
1884.) 


Remedies—A thorough spraying with kerosene emul- 
sion or whale-oil soap of ordinary strength will kill the 
young lice. If the application is delayed too long after 
hatching, the scales will so protect the lice that it will be 


necessary to increase the strength of the mixture. If this is 
found necessary it will probably be better to treat as for the 
Scurvy Bark-Louse. 

The soft maple is also attacked by the Fruit-tree Leaf- 
roller, Flat-headed Borer, Fall Webworm and Plant Lice. 


THE ASH GALL-LOUSE. (Pemphigus fraxvinifolit Thos.) 


Greenish plant lice curling the leaves of white ash. The 
lice usually accumulate on the leaves at the end of a limb. 
The leaves curl and become so swollen and loaded with lice 
that the limb will often be bent down with the weight. 

Remedy—As soon as the leaves at the end of the limb 
begin to curl, cut the limb off far enough back to include all 
the infested leaves and burn it. 


THE COTTONWOOD BORER. (Prionovistus robiniw Peck.) 


Hig. 30.--Cottonwood Borer (Prionowvistus robiniae): Showing male 
and female moth and the larva. The female moth is the larger. 
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This insect is also known as the Oak Carpenter-Worm, 
but in Colorado it is known almost exclusively as a cotton- 
wood borer. The larva, when fully grown, is nearly three 
inches in length, with a shining black head, and it cuts large 
holes in the trunks of the trees. Its work is most often 
noticed where a limb has been cut off or the trunk injured 
in some other way. The castings of the borers are pushed 
out on the surface and the tree bleeds as a result of the 
wounds made to the surface. The sap runs down onthe 
trunk and sours, making a breeding place for maggots of 
certain flies. The moths have been taken at night at Fort 
Collins between June 14th and July 21. Vhe females are 
larger than the males and both are well represented in the 
accompanying figure at about life size. The general color 
is gray, but the male has a large yellow spot covering the 
central portion of the hind wing on either side. 

Remedies—It is hard to suggest a good remedy for this 
insect. Tacking a little wire gauze over the burrow before 
the middle of June would prevent the escape of the moth. 
Probably a wooden plug driven into the hole would serve 
the same purpose. With a stout wire one could kill many 
of the larve or pupe in their burrows. Avoid scarring the 
trees as much as possible as the borers usually enter at such 
places. 

The cottonwood is also attacked by Plant Lice, Fall 
Webworm and Putnam Scale, which have already been men- 
tioned with their remedies. It is also attacked by a white 
scale ( Chzonaspis ortholobts), much resembling the scale 
figured on a following page on pine and spruce leaves. 
Remedies the same as for the other scales. 


hos ELM LEAr-CGEUSTER GALLE (Sen TZoeund® Gnvcrecciwe 
Riley.) 


The author's observations upon elms on the College 
grounds the present spring show that this louse appears on 
the trees before the leaf-buds begin to open, and that it at- 
tacks the base of a bud, soon becomes covered with a white 
flocculent secretion (see Fig. 32, e,) and that tbe bud, as it 
opens, curves downward so that the leaves hide the louse. 
The attack stimulates the opening of the bud and the 
growth of the leaves so that they are usually in advance of 
the other buds of the tree. By the middle of June, the in- 
fested leaves have formed a loose cluster, often as large as 
a man’s fist or larger, within which is a disgusting mass of 


lice and little globules of watery excretion that they have 
thrown off. Later the lice leave the galls, which become 
brown and dry, and go onto the leaves or tender bark about 
wounds on the tree. The leaves, asa result of the attack, 
become swollen and curled and usually take ona reddish 
coloration over the swollen portion. 

Remedies—When the leaf clusters first appear, begin 
the work of cutting them off and destroying them. They 
occur mostly, on the small twigs near the trunk and on the 
lower branches of the tree. By going over the trees two or 
three times at intervals of about a week it will be possible to 
get nearly all before the lice spread over the foliage gener- 
ally. It is stated by Riley that the eggs remain over winter 
on the trunk of the tree. If this is true, it is probable that 
a thorough spraying of whale-oil soap, 1 pound to 4 gallons 
of water, or kerosene emulsion, in which the kerosene is 
abcut one-fourth of the mixture, would kill nearly all the 
eggs. 

The elm is also attacked by the Fruit-tree Leaf-roller, 
to some extent. 


THE PINE-LEAF SCALE (Chionaspis pinijoliae Fitch,) 


White elongated scales on Jeaves of pine and spruce 
trees are shown in the accompanying illustration. Beneath 
the scales, in the spring, will be found a mass of purple eggs. 
Sometimes very abundant, causing the leaves to fall, as 
many of them have from the twig of silver spruce shown in 
thefigure?” (Sée Figs) 

Remedies—The same as for the Scurvy Bark-Louse of 
the apple. The best time to make the application is just 
after the young lice have hatched, which will be about the 
first of June. By the aid of a hand lens one can easily keep 
watch of the eggs and learn just when they hatch each year. 
The exact time will vary with the lateness or earliness of 
the season. 


INSECT ENEMIES OF THE SPRUCE. 


The scale mentioned above is quite as common on sil- 
ver spruce in Colorado as on pine. The remed;, of course, 
is the same. 

There are also two important plant lice attacking the 
spruce trees, one of which (Chermes adzetzs Linn.) produces 
brown cone-shaped galls at the tips of the twigs. The adult 
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females live over winter on the trees and deposit clusters of 
brownish eggs, all of which are attached to the twig or to 
each other by means of slender silken threads. The writer 
has found over 400 eggs in a single cluster. The eggs hatch 
about the first of June at Fort Collins and the young lice, 
according to the observations of Mr. R. A. Cooley of the 
Mass. Agricultural College, go at once to the bases of the 
young leaflets where they insert their beaks and suck the 
sap which causes the peculiar growth mentioned above. I 
have seen the galls on silver spruce, only, in Colorado, and 
have seen them most abundant near timber line on the 
mountains. 

Remedies—Probably the best remedy is to collect and 
destroy the galls during the latter half of June and early in 
July, before the lice escape from them. Where very abund- 
ant, it would pay to make an application of kerosene emul- 
sion or whale-oil soap in about double the ordinary 
strengths during the latter half of May. 

What appears to be another species of Chermes, lays its 
eggs in great numbers on the leaves of Douglassspruce dur- 
ing the month of May. The female, while laying the eggs, 
secretes a quantity of white waxy threads which so surround 
the egy-clusters that the latter are hardly visible. The eggs 
hatch at Fort Collins about the 25th of May and the little 
dark-colored lice locate on the leaves. A twig showing 
these egg-clusters covered by the waxy secretion of the lice 
is shown in the accompanying illustration. (See Fig. 35.) 

Remedies—I have been completely successful in de- 
stroying both eggs and lice by applications of either kero- 
sene emulsion or whale-oil soap in double the ordinary 
strengths. In the ordinary strengths, the majority of both 
lice and eggs were killed. 


MILKWEED BEETLE. (7¢traopes femoratus Lecont.) 


Injuring. Young Nursery and Forestry Trees. 

A plantation of young forestry trees set out on the Col- 
lege grounds by the Department of Agriculture, Division of 
Forestry, has been badly injured by the above beetle. My 
attention was first called to the injuries by Professor Cran- 
dall who brought me a specimen of the beetle doing the 
work. The beetle did the damage by cutting transverse 
gashes in the tender stems and in the petioles of the leaves. 
A great many gashes were usually cut in each stem, causing 
them to die or break over. In many of the gashes eggs 


were deposited. Fig. 36 shows two of the beetles and stems 
of locust on which they are working. The drooping leaves 
were all dead and brown, 

Remedies—These beetles seem to have come onto the 
little trees from a large patch of milkweeds that were close 
by. Ifthe milkweeds had not been allowed to grow in the 
vicinity of the forestry plot it is probable that the trees 
would not have been injured. 


INSECTS INJURIOUS TO FARM AND GARDEN 
CROPS. 
THE SQUASH BUG. (.dnasa tristis De Geer.) 


A rather large bug, varying from one-half to three- 
fourths of an inch in length and varying in color froma 
grayish brown to a dull black color above and dingy yellow 
beneath. On account of their strong musky odor they are 
often called “stink bugs.” The bugs begin to accumulate 
about various vines of the squash family, particularly the 
vines of the Hubbard and other winter squashes about the 
time the first true leaves appear. There are two broods, 
the adults of the second brood living over winter under 
rubbish. 

Remedies—As this insect does its feeding by inserting 
a sharp beak and sucking the sap of plants, it is evident that 
it would be useless to apply a poison that has to be eaten to 
kill. Fora considerable number of days before egg-laying 


Fig. 37.—Squash bug enlarged. (After Snow,) 


the mature bugs gather about the vines to feed and mate. 
Often they collect on a single leaf causing it to wilt. By 
visiting the vines each morning the bugs can be rapidly 


crushed or collected and destroyed. This is really one of 
the best methods we have of keeping this insect in subjec- 
tion. A little later the eggs, which are deposited on the 
under side of the leaves in loose clusters, can be quite rap- 
idly destroyed by hand collecting. When the young hatch 
they have the habit of collecting in large numbers on single 
leaves. They are very shy and will run rapidly away when 
approached in the warm part of the day, but one can collect 
them rapidly in the morning about sun-rise. Take a basin 
or other suitable dish, with a little water in the bottom and 
a spoonful of kerosene on top, and go to these infested 
leaves and quickly brush the bugs into the basin. Every 
one that comes in contact with the oil will die in a very few 
seconds. 

I have been able to kill large numbers of bugs with ker- 
osene emulsion by spraying it forcibly upon them and thor- 
oughly wetting them down, but in most hands the preced- 
ing remedies will prove most successful. 


hie oR iPED CUCUMBER BEEDEE. (Diabrotica, wittara 
Fabr.) 


A small yellow beetle, aboutZone-sixth of an inch long 
with a black head and three black longitudinal stripes on 
the wings when the latter are closed. The beetles appear 
soon after the cucumber, melon and squash vines are up 
and eat holes in the leaves until the plants wither and die. 


Fig. 38.—Striped Cucumber Beetle: a, mature beetle; b, mature larva; 
¢, pupa; d, side view of last segment of larva. All considerably enlarged. (Chit- 
tenden, Circular 31, Seeond Series, U.S. Dep. of Agr., Div. of Entomology.) 
Eggs are also laid about the stems of the plants and the 
grubs hatching from these burrow down into the roots of 
the plants which also causes their death. 


So far, this insect seems only to occur in this state, 
along the Arkansas River from Canon City to Rocky Ford. 

Remedies—There are many methods of dealing with 
this pest. One is to plant much more seed than is wanted 
to grow that enough of the plants may be left after the 
beetles have had what they want. Planting extra seed is all 
right, but more should be done. Dusting the leaves freely 
with lime, plaster or ashes in the evening or early morning, 
while the dew is on, will usually result in driving the beetles 
to some other patch, but will not destroy them. A method 
much practiced consists in covering the plants with mosquito 
netting until they are large enough to withstand the attack 
of the beetles. This may be done by tacking the netting 
over one end of open boxes that are then set about the 
plants, or by bending a withe over the plants, laying the net- 
ting upon it and holding it down by clods of earth. 

I have found I can kill these insects very successfully by 
dusting Pyrethrum or Insect Powder upon them from a 
cheesecloth sack. To be successful the treatment must be 
made before sun-rise in the morning. ‘Then, by lightly 
brushing the leaves, the beetles, damp and sluggish with the 
dew of the night, will fall to the ground and, if dusted in 
this condition with the Pyrethrum, will be readily killed. 


THE MELON LOUSE. (4phis cucumeris Forbes.) 


A greenish louse occurring in great numbers on the 
underside of the leaves of watermelon, muskmelon, cucum- 
ber and squash vines, causing them to curl and turn yellow. 

Remedies—It is so difficult to get insecticides upon this 
louse that there are no satisfactory remedial measures known 
for it. Itis probable that its attacks can be avoided to 
some extent bya judicious rotation of crops and by plowing 


under the vines of infested patches as soon as the crop has 
been gathered. 


PEBA-BEE DEES: 


There are several species of minute flea-beetles usually 
black in color and not as large as the head of an ordinary 
pin, which attack various garden plants, principally cab- 
bages, radishes, beets tomatoes and potatoes. The damage 
is done by eating small holes in the leaves. When ap- 


proached, the beetles jump and hence the name “flea 
beetles.” 


® 
Fig. 39.—Striped Flea-Beetle (Sijstena taeniata) greatly enlarged. 


Remedies—The same as for the Striped Cucumber 
Beetle. 


THE BEAN BEETLE. (Lpilachna corrupta Muls.) 


This is by far the most destructive bean pest in Colo- 
rado. The mature insect is a beetle about one-third of an 
inch in length and yellowish to rusty brown in color with 
sixteen small black spots on its wing covers. The beetles 
deposit their yellow eggs in patches on the underside of the 
bean leaves. The grubs are light yellow in color and are 
covered with stout branchéd spines. The insect, in all 
stages, feeds upon the leaves and green pods of the culti- 
vated beans and particularly wax beans. Lima beans are 
seldom badly eaten by them. See Fig. 4o. 


Fig. 40.—A, beetle; B, pupa; C, larva; D, a pod that has been eaten into. 
All a little enlarged. 


Remedies—On account of beans being very susceptible 
to injury from the application of arsenites, it is rather diffi- 
cult to treat this insect with satisfactory results. If the ar- 
senites are used, lime should be freely added. I have had 
best success by using kerosene emulsion of double strength 
(in which the kerosene is one-eigth of the mixture), spray- 
ing it on the underside of the leaves for the destruction of 
the eggs and newly hatched grubs. 


map Si 
THE PEA WEEVIL. (Brueliws pisi Linn.) 

This is the insect that causes what are knownas “buggy 
peas,’ and by most people it is only known in the beetle 
state, in the spring of the year, when it is found in the peas. 
or the peas are found to have large holes in them made by 
the weevils. These beetles lay small yellow eggs on the 
pods of the green peas and the little grubs hatching from 
them eat through the pod and enter the peas and are often 
devoured in great numbers by those who eat green peas. If 
the grubs have entered the peas the fact can be discovered 
by the presence of very small punctures as if made by the 
point of a needle. 

Remedies—As soon as the green peas have been gath- 
ered, pull the vines and destroy them by fire or otherwise. 

For the destruction of the beetles in seed peas inclose 
the seed in a tight receptacle and use carbon bisulphide, 
about one tablespoonful to a cubic foot of space. Continue 
the treatment for 24 hours. 


THE COLORADO POTATO BEETLE. (Doryphora 10-lineata 
Say.) 

This beetle, so common upon potato vines, is too famil- 
iar to the farmer to need any description. In this state it is 
also common upon its native food-plant, the “buffalo bur” 
(Solanum rostralune. ) 


Fig. 41.—Colorado Potat> Beetlv: a, a,egg patches; b, b, young larvee > 
c, pupa; d, mature beetle; e, the fore wing much enlarged to show markings. 

Remedies— Paris green or London purple dusted ’or 
sprayed upon the potato vines are so efficient remedies that 
no others need be mentioned. 


THE ONION THRIPS. (Thrips striatus Osb.) 
A very small insect, slightly yellowish in color and one 
twenty-fourth ofan inch in length, very active and mature 


occurring upon onion tops in enormous nusnbers, causing 
them to whiten and wilt down prematurely. The insects 


Kig. 42.—Onion Thrips, adalt, greatly enlarged. 


are so minute that it is often the case that the cause of the 
dying down of the tops is not discovered by the owner of 
the crop. 

Remedies—At the beginning of the attack thoroughly 
spray the onions with kerosene emulsion or whale-oil soap 
of the ordinary strengths. 


CABBAGE APHIS. (.dpiis brassicae Linn.) 


A green plant louse on the underside of the leaves of 
cabbage, cauliflower, turnip and similar plants. The 
bodies of the lice are covered with a five whitish powder, 
often occurring in exormous numbers late in the summer 
and in the fall. 

Remedies—Kerosene emulsion and whale-oil soap are 
the standard remedies against these as well as other plant 
lice. It is difficult to make the application effectual, how- 
ever, on account of the curling of the leaves of the plants 
that the lice infest and the mealy covering to the lice which 
causes all liquids to run from their bodies as water runs from 
a duck’s back. To be effectual the application must be 
made with sufficient force to knock the lice from the leaves, 
in which case most of the lice will be killed. The lice live 
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over winter upon cabbages or their stumps that are left in 
the field in the fall. These should all be plowed deeply 
under or otherwise destroyed in the fall. An additional pre- 
caution of considerable value is to rotate the crop so as not 
to grow a crop nearer than necessary to ground where the 
lice were present the preceding year. 


THE IMPORTED CABBAGE BUTTERFLY. (Pieris rapae 
Linn.) 


This insect in the mature state is a white butterfly with 
black tips to the anterior wings and the male usually has 
four and the female six small black spots on the wings above 
as shown in the accompanying illustration. 

The butterflies appear early in the spring and are ready 
to begin laying eggs on leaves of cabbages, cauliflowers, 
turnips and some other Cruciferous plants as soon as the 
plants are set out. The eggs are light yellow in color and 
are deposited singly. The worms, soon after hatching, 
assume a dark green color, almost identical with that of the 
leaves which serve as their food. Not infrequently the 
worms eat into the head of cabbages and ruin them for the 
market. 


Fig. 43.—Imported Cabbage Butterfly: A, male; B, female. As seen 
from above, natural size. (After Riley.) 


Remedies—Mix one pound of Paris green with twenty 
pounds of wheat flour and lightly dust the leaves while the 
dew ison. Apply freely up to the time the heads begin to 
form and after that use rather sparingly on cabbage heads 
and not at all on cauliflowers. Do not use nearer than ten 
days to the time when the cabbages are to be harvested. If 
used freely when the cabbages are small, there will be little 
need of much being applied when the heads are nearly 
grown. If used as above directed there will be no danger 
from eating the cabbages. Cabbage leaves are all the time 
opening out so that the leaves that are a part of the head 


one day will, a few days later, be standing up free from the 
head. 

For those who object to using poison, | would recom- 
mend insect powder (Pyrethrum) which is the best used dry 
in a small bellows by means of which the powder is driven 
down among the bases of the leaves to reach all the worms. 
This substance must be put onto the worms in order to kill 
them. ge 

If much poison has been used it will not do to turn stock 
into the patch to eat the leaves and stumps after the crop 
has been gathered. 


THE CABBAGE PLUTELLA. (Plutella cruciferarum Zell.) 


This insect is a small moth, less than half of an inch in 
length and with narrow wings that have a white inner mar- 
gin and when closed make a conspicuous white line along 
the back as shown in the accompanying figure. The larve 
are correspondingly small and are very active, wriggling 


oe 


lig. 44.—The Cabbage Plutella: a, larva; d, chrysalis; e, silken cocoon 
with Chrysalis inside; h, moth with wings closed; f, moth with wings spread. All 
enlarged about twice. (After Riley.) 


themselves quickly off the leaves when disturbed and drop- 
ping ona silken thread. When fully grown the larva spins 
a delicate white cocoon among the leaves. These I have 
found as early as June roth at Fort Collins and the moths 
have appeared in our breeding cages as early as June 16th. 

There are two, and perhaps three, broods in a season. 

Remedies—The same as for the preceding species. Ap- 
‘ply early so as to kill the first brood. 

There are three other “worms” that feed upon cabbages 
to some extent in the state, but I will not give them special 
mention as the remedies are the same as for the species 
above mentioned. 


CUT-WORMS. 


Some dingy colored larve that burrow in the ground 
and have the pernicious habit of cutting off young plants of 
corn, beans, cabbages, tomatoes, etc., during the night. 

There are a large number of species of these worms, 
each changing, finally, to a particular species of night-flying 
moth. It is very largely these moths that fly about lights in 
the evening. 

Remedies—These worms are usually worst on newly 
turned sod. Probably the best field remedy is to plow late . 
in the fall and then, in the spring, keep down all growing 


Fig. 45.—Cut-worm Moth. (Riley, Rep. U.S. Dep. of Agr., 1884 ) 


vegetation and scatter over the field a large number of 
small bunches of green vegetation (alfalfa, grass, cabbage 
leaves, weeds, etc.,) that has been thoroughly dusted with 
Paris green or London purple. 

In gardens, individual plants of cabbage, tomatoes and 
the like may be protected by wrapping about them stiff 
paper or cylinders of scrap tin. The latter may be cut about 
five inches long by three inches wide and then wrapped 
around a hoe handle or similar object to give them form. 
Then separate the sides of the cylinder enough to admit the 
plant and crowd the tin into the ground enough to hold it 
firmly. Stiff paper may be used instead of the tin. Do not 
hoe the garden too clean of weeds while cultivated plants 
are small as the cut-worms like the weeds as well as any- 
thing for food. If the latter are all cut down there is noth- 
ing but cultivated plants for them to feed on. This may 
seem to be questionable advice, but it will work well if the 
weeds are not neglected too long, so as to choke the other 


plants. 


GRASSHOPPERS. 


The loss to crops from the attacks of grasshoppers 1s 
annually very large in this state. Eventhe dry pasture 
lands in many places support a horde of these greedy ma- 
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rauders that would be appalling to an eastern agriculturist. 
No description is necessary to enable my readers to recog- 
nize a grasshopper. The species that does by far greatest 
harm to farm and garden crops in Colorado is the large 
two-stripped grasshopper (M/elanoplus bevittatus ). 

This and several closely related species deposit their 
eggs in little pouches or pockets in the ground in the man- 


Fig. 46.—Rocky Mountain Locust laying eggs: a, a, females with their ab- 
domens inserted in the ground; b, an egg-pod broken open; c, scattered eggs; d, 
egg-packet being formed by female; e, egg packet completed. (After Riley.) 


Hig. 47. Hopper pan or “hopperdozer.” (After Riley.) 


ner shown in Fig. 46. These eggs are mostly deposited 
about the borders of the fields, along ditch banks and along 
road sides where the earth is rather firm. They are depos- 
ited in the fall and the little hoppers hatch out early the 
following spring. There is but one brood a year. 
Remedies—Where it can be used, the hopper pan or 
“dozer” is one of the best means of destruction. Fig. 47 
will give an idea how these can be made. Make the bot- 
tom of the pan eight to twelve feet long, about eighteen 
inches wide and two inches deep. Have a back to the pan 
about eighteen inches to two feet high of canvas to prevent 
the grasshoppers from jumping over. Mount the pan on 
low runners and draw it over the field with horse power 
where the grasshoppers are most abundant, first putting in 


the pan a strip of cloth reaching the whole length and pour- 
ing upon it at least a pint of kerosene. The canvas at the 
back of the pan should also be kept wet with the oil. This 
plan of using the hopperdozers is as used by Dr. Lugger 
who has had a large amount of experience with them in 
Minnesota. Every grasshopper that comes in contact with 
these cloths and gets the oil upon any portion of itself will 
soon die. As the oil evaporates more must be added. 

In orchards, vineyards and gardens where the pans can- 
not be used, poisoned baits made by mixing one pound of 
Paris green with six to ten pounds of bran, with just water 
enough to moisten the whole, may be prepared and scat- 
tered about in small quantities where the hoppers are thick- 
est. Many will eat the poisoned bran and die. Paris green 
or London purple may also be sprayed on the food plants 
of the grasshoppers where it is safe to use it. Care must 
also be exercised in the use of poisoned bran that chickens 
and other domestic animals may not be poisoned. 


THE MEDITERRANEAN FLOUR-MOTH. (E£phestia kuhniella 
Zell.) 


This insect has attracted attention in this country and 
in Europe almost exclusively as a pest in flouring-mills. My 
attention was first called to the insect in Colorado on Sep- 
tember 14th, 1893, when | received some honey comb from 
Mr. R. C. Aikin of Loveland, which was very badly infested 
with the larve and webs of this insect. “~The moths were 
also appearing at the time. The moth is gray in color with 
narrow wings and spans about three-fourths of an inch and 
is very well represented, at Fig. 48. Fig. 49 shows the ap- 
pearance of the webs on a frame of honey comb. 


i Fig. 48.—Mediterranean Flour-Moth: a, moth with wings spread; b, moth 
with wings closed; c, larva; d, chrysalis; e, two segments of the larva greatly en- 
larged. All sonewhat enlarged. (Riley & Howard, Insect Life, Voi. II, U.8 
Dep. of Agr., Div. of Entomology.) : / 


The larve seem not to feed upon the honey or wax but 
upon the old pollen left in the cells, though they will often 
gnaw through the thin walls of the cells to get from one into 
another. This insect does not trouble the combs in hives 
occupied by bees but only combs that have pollen and are 
stored away for future use. 

Remedy—Inclose the infested combs in a tight box with 
carbon bisulphide. Use a teaspoonful of the liquid to each 
cubic foot of space in the box. 

To destroy the worms in mills, use about one quart to 
each 1,000 cu. ft. of space. Always be careful not to bring 
fire in contact with the fumes as they are explosive when 
mixed with air. 


ANTS. 


Ants often become troublesome in the pantry, the lawn 
or the apiary and many inquiries are received as to how 
they may be destroyed. Where the hill can be found, thrust 
a stake into it to the depth of about a foot, pour in two or 
three ounces of carbon bisulphide, stamp the hole full of 
dirt, and then throw a damp blanket over the hill to hold 
down the fumes. The fumes of the carbon bisulphide are 
explosive when mixed with air, so care must be used not to 
bring fire in contact with this substance unless for the. pur- 
pose of exploding the fumes in the ant hill. 

If the ants are troubling in the house, thoroughly dust 
the ants and their run-ways with insect powder (Pyrethrum.) 


THE BED BUG. (4canthia lectularia Linn.) 


I take it for granted that this unwelcome guest of some 
of the homes of this country is not familiar to all my read- 
ers and so briefly describe it as a light yellow to dark brown 
bug, without wings, about one-fourth of an inch in length 
when fully grown, and very flat. The color and shape to- 
gether has suggested to someone the very polite name “ma- 
hogany flat.” Like other evil-doers, it avoids the light and 
is often unseen and not suspected in sleeping apartments 
where it is present in large numbers. Its hiding places are 
usually in cracks of the bedstead, under the binding of 
matresses, under wall-paper and similar places of conceal- 
ment. In these places the eggs (nits) which are elongate 
white objects, of very small size, are deposited, sometimes 
in great numbers. 


Fig. 50—Bed Bug, much enlarged. (Osborn, Bull. 5, New Series, U. 8. 
Dep. of Agr., Div. of Entomology.) 


Fig. 51—Bed Bug, ycung. (Osborn, Buil. 5, New Series, U. S. Dep. of 
Aer., Div. of Entomology.) 


Remedies—Use bedsteads that will offer as few places 
as possible for the bugs to hide in. Have no loose paper on 
the walls under which the bugs can crawl. Put bedding and 
carpets and every other infested article, so far as possible, in 
boiling water. Pour boiling water into all places that can 
furnish concealment for the bugs so far as possible. By 
means of an atomizer or a small brush or feather apply gas- 
oline, benzine or turpentine to cracks and crevices where 
the bugs or their eggs might be concealed. If these means 
have not been sufficient, fumigate the house with sulphur or 
with carbon bisulphide. Candles for the purpose of fumi- 
gating houses can be obtained at almost any drug store. 

It will not do to make one treatment of any kind and 
then think no more is to be done. Make several careful 
searches a few days apart and continue the warfare ’till no 
more vermin are found. 


CLOTHES MOTHS. 


There are few insects that give housekeepers more an- 
noyance than the clothes moths. There are but two species 
that give much annoyance in houses in this country and 
they are of a yellowish or buff color, with narrow wings and 
slender bodies, and when spread will span but little more 
than half an inch from tip to tip of the wings. They are 
often seen as very small moths flying about the room after 
lamps are lighted. The large moths that often fly to lights 
in our houses and flutter about on our windows, are fre- 
quently supposed to be clothes moths, but they are not. 

The clothes moths feed upon animal: tissue as hair, 
feathers and wool, but do not attack cotton or linen goods. 

Remedies—The frequent airing and beating of gar- 
ments and carpets is one of the most effectual remedies. 
When clothing is laid away for the summer it may be put 
in tight paper sacks or in pasteboard boxes made tight by 
wrapping, or in any other moth-tight receptacle where the 
moths or their eggs are not already present. To make sure 
that no eggs were deposited on the clothing before it 1s put 
away, it should be examined once or twice to see that it 1s 
allright. The lighter the room where the clothing 1s stored 
the better, as clothes moths delight to work in dark rooms 
and closets, but seldom do much harm in rooms that are 
well lighted and aired. If clothing is thought to be infested, 
all moths, eggs and larve can be killed by placing the cloth- 
ing in a tight box and pouring in carbon bisulphide and then 
closing tightly for a few hours. If the moths in any stage 
are about the borders of the carpet, they may be destroyed 
by spreading damp clothes over the infested places and then 
ironing them with hot flats. 

Moth balls, camphor, tobacco and cedar wood are used 
to repel the moths and are quite useful for this purpose, but 
if the insects are already present these things do not prevent 


their living and doing their usual injuries. 


THE CARPET BEETLE. (dnthrenus scrophulariae Linn.) 


A small, dark-colored beetle, about three-sixteenths of 
an inch long and marked on the wing covers with white and 
a slight amount of reddish. The larva is dark brown in 
color and is rather heavily fringed with hairs, especially at 


ig. 52.—Carpet Beetle ot Buffalo Moth: a, larva; b, pupa within the 
larval skin; c, pupa removed from larval skin; d, adult beetle. All greatly en- 
larged. (After Riley ) 


the tail end end of the body. It works most about the bor- 
ders of carpets and along cracks in the floor. It is most 
commonly known as the ‘Buffalo Moth,” but it is not a moth 
at allebuta beetle. 

Remedies—This household pest is more difficult to rout 
than the clothes moths above mentioned. The treatment 
is the same but needs to be more vigorously and persistently 
applied. If very troublesome it will be found best to do 
away with carpets and use rugs instead, the rugs to be fre- 
quently removed from the house and beaten. 


INSECTICIDES. 


An insecticide may be defined as any preparation which 
can be used for the destruction of insects. Insects are ani- 
mals and the substances that will kill animals of large 
growth will, as a rule, kill insects also. 

In order to apply insecticides intelligently one should 
know the principle underlying their use, then he does not 
have to be bound by any fast rule. These principle are so 
simple that I will give them. 


We may separate the insect-destroying substances into 
THREE CLASSES, 


depending upon the manner in which the death-dealing 
work is done. 


First, and most important among these, are the food- 


poisons, or those substances which kill by being eaten. It 
must be evident to all that these can only do harm to insects 
that devour the tissue of the plant, nearly always the leaves. 
Those insects that feed by inserting a sharp beak and suck- 
ing the sap of the plant can not be successfully combatted 
by the use of food poisons. Against them we must, asa 
rule, use some substance that will kill by external contact. 
There are, of course, a great number of preparations that 
would kill in this way but we have to use something that 
will destroy the insect without serious injury to the plant on 
which it is feeding. 

It is not necessary that one be versed in the science of 
entomology in order to be able to determine into which of 
these two classes an insect that is doing damage to his 
plants belongs. If the foliage of the plant is being removed, 
or if the leaves are full of holes or ragged as the result of 
the insect attack, it is reasonably certain that the marauder 
has a good pair of jaws and is devouring the solid parts of 
the leaves; but, if the leaves only turn pale or brown and 
curl, and are not eaten into, it is then quite certain that the 
insect is doing the damage by extracting the juices of the 
plant. Examples of such insects are Plant Lice, Scale Lice, 
the Squash Bug, Chinch Bug, etc. Examples of the former 
class are Grasshoppers, Potato Beetles, Leaf Rollers, the 
Codling Moth, etc. 

Then there are insects in both of the above classes that 
are best destroyed by the use of certain volatile substances 
which kill by being inhaled. As examples I might mention 
certain grain-eating weevils, ants, root-infesting lice, vermin 
in houses as Bed Bugs, and Clothes Moths, etc. 

In its broadest sense the term insecticide is also made to 
include certain substances which are used only as repellants. 
These do not kill and are of much less value than either of 
the other classes. Napthaline, camphor and carbolic acid 
are examples of such substances. 


PREPARATION AND USE. 


It will be understood that almost any insecticide may 
need to be used in different strengths under varying condi- 
tions. In the following formule I give the ordinary prepa- 
tions, 


FOOD POISONS. 


PARIS GREEN ; WATERY MIXTURE. 


Paristoreeny io ico eee aap! pound. 
Lime (unslaked,)........ Jon See I pound 
WV ACER NE DSA SF create crt Re ae eee 160 gallons. 


First thoroughly mix the poison in a small quantity of 
water and then add the remainder of the water. Slake the 
lime in a small amount of water and add to the mixture. it 
the lime is lumpy after slaking, strain it to avoid clogging 

the spraying nozzle. 


PARIS GREEN ; DRY MIXTURE. 


PIMC CLL ete acs «co Maen ee eta I pound. 
WNrea Cy Montene ©. ger teach eee 20 pounds. 


Apply, if possible, when the foliage is moist with dew 
and when there is no wind. If the plants are low, the 
mixture may be easily applied by inclosing it in a muslin 
sack whichis shaken over the foliage. 

Plaster, or lime may be used as a dilutent in place of the 
flour but the flour is considered best as it sticks the poison 
to the leaves causing it to remain longer. 


EONDON PURPLE. 


Prepared in the same ways as Paris green. It is some- 
what cheaper than that poison but it is not considered quite 
as effective in destroying insects. 


KEDZIE'S ARSENITE OF LIME. 


Dr. R. C. Kedzie, chemist of the Michigan Agricultural 
College and Experiment Station, has given directions for 
making arsenite of lime and some who have used it prefer 
it to either Paris green or London purple. When prepared 
it is the same as the latter substance except the small 
amount of coloring matter which is accidental and serves in 
the London purple to distinguish it from substances that 
might be mistaken for food. Dr. Kedzie’s directions are’as 
follows : 

“Boil two pounds of white arsenic and eight pounds of 
salsoda for fifteen minutes in two gallons of water. Put 
"into a jug, label ‘fozson’ and lock it up. When ready to 


spray, slake two pounds of lime and stir it into forty gallons 
of water, adding a pint of the mixture from the jug.” 
As white arsenic, salsoda and lime are all cheap sub- 


stances, this is a very economical mixture. It may be used 
asa substitute for either of the preceding. 


ARSENIC-BRAN MASH. 
This preparation has been used almost exclusively for 


the destruction of grasshoppers in places where hopper- 
dozers can not be used. Prepare by taking 


White arsenic (or Paris green) ....... I pound. 
Meat iO tee Mae a. 5 ae 10 pounds. 
UNS Regn renee eae enough to make moist. 


(— Scatter,,in small quantities in places where they will be 
most likely to find it. igi 

Care must be used not to place the bran where it will 
be devoured by domestic animals. 


BORDEAUX MIXTURE AND THE ARSENITES. 


Bordeaux mixture is a fungicide and is the substance 
most often used for the destruction of fungi that attack the 
the surface of plants. It has also been found to be of value 
for use against flea-beetles and the writer also demonstrated 
its value a number of years ago as a medium in which to 
spray Paris green or London purple. These poisons can be 
used very strong in this mixture without injury to foliage 
and they do not, in the least, lessen its effects as a fungicide. 
Such a mixture would destroy both insects and fungi with 
one application. 

The Bordeaux mixture may be prepared as follows: 


Take of 


ROMS TLC Te SUL ee We nic whe: doyle hehe, 6 pounds. 
BE Pa Teg CSNY ok ee ae er Renae ee 4 pounds. 
NCEE ETS EN TTS, YS eee ge np eR 45 gallons. 


Dissolve the copper sulphate in a gallon of hot water, 
slake the lime in another gallon of water and then add the 
milk of lime slowly to the copper sulphate solution while the 
latter is being constantly stirred. Then add 43 gallons of 
water. 

If insects are to be killed at the same time, add to the 
above quantity of Bordeaux mixture, one-third pound of 
London purple or Paris green. 


oe 
HELLEBORE. 


Powdered white hellebore has been found particularly 
useful for the destruction of certain insécts and may be ap- 
plied dry or in water. If applied dry it may be used pure 
or diluted a few times with flour. I prefer to use the pow- 
der pure when the slightest dusting over the leaves in the 
evening when the dew is on is usually effectual. Inclose the 
powder in a cheesecloth sack and shake it over the plants. 

If applied in water use 


Hellebore 
Water 


EXTERNAL IRRITANTS. 


It should be borne in mind that, in order to destroy an 
insect by an external irritant, the substance must be put 
upon the insect’s body. Spraying the food will not answer. 


KEROSENE EMULSION. 


This preparation has no equal for the destruction of in- 
sects by external contact, so far as we know at present. The 
substances of which it is composed are always obtainable 
and the emulsion is not difficult to make after one has 
learned how. For the ordinary strength the proportion of 
the ingredients is as follows: 


Soap mee ed hl Mad TCR a eee hee nen I pound. 
Kerosene ®.'6 2 i: 6 As see eee 2 gallons. 
Wigte ce Ries ose. as 28 gallons. 


_Prepare by dissolving the soap in a gallon of water; 
while the soapy water is boiling hot, remove from the fire 
and immediately add two gallons of kerosene and agitate 
briskly for a few minutes. If a large amount is being made, 
use a force pump and forcibly pump the mixture back into 
the receptacle that contains it until all is a frothy creamy 
mass. If sucha mixture is not obtained the first time, put the 
whole back over the fire until boiling hot and then repeat 
the pumping and the emulsion will almost surely form. If 
put back for reheating watch very closely to see that it 
does not boil over and take fire. 

After the emulsion is made add the remaining 27 gal- 
lons of water and all is ready for use. : 


When small quantities are made, emulsify with an ordi- 
nary egg-beater. 
To be sure of success, use clean dishes and clean water. 


WEA EOL, SOAR. 


This substance stands close to kerosene emulsion in 
importance as a destroyer of soft bodied insects. It is used. 
in various strengths, but the ordinary preparation is: 


Nae en SOA fs ck hs Lee 1 pound, 
WEISS See as ae A ac a 8 gallons. 


As a winter wash, it is sometimes used as strong as two: 
pounds ina gallon of water for the destruction of San Jose 
and other scales. A pound to eight gallons destroys the 
eggs of plant lice or of the Brown Mite. 


LOBACCO- 


Tobacco has long been used in one way or another for 
the destruction of insects. Its chief use seems to be for the 
destruction of animal and plant lice. When slowly burnt, 
thesmoke may be utilized for the destruction of lice on 
plants in green-houses or window gardens. Inthe form of 
a fine dust it is often effectual in ridding plants of flea- 
beetles and in the form of dust or stems is probably the best 
remedy we have for Wooly Aphis on the roots of apple 
Erees. 

I have a letter from the A. B. Mayer Manufacturing 
Co., of St. Louis, Mo., offering tobacco dust at $20.00 a ton 
fy0) bb cars in that city. 


PYRETHRUM (Buhach, Persian Insect Powder.) 


This substance, under one of the above names, can be 
obtained at almost any drug store. It consists of the dried 
flowers of two species of plants of the genus Pyrethrum 
which are ground into a very fine powder. The powder has. 
the peculiar property of killing almost any insect that it 
comes in contact with while it is not poisonous to other ani- 
mals. If applied in water use 


Ray ee LUM e Ne er G mae. ts, Bu 2, Swdeae Se 1OZ: 
RUBEN 2 en 1 Re Oe 3 gallons. 


In most cases I prefer to use this substance dry and un- 


diluted and it may be distributed by means of blowers made 
for the purpose or by inclosing in a cheesecloth sack and 
shaking it over infested plants. 

Its chief uses are for the destruction of plant lice, cab- 
bage worms, flea-beetles, squash-beetles, ants, cockroaches 
and house flies. 


LIME, SULPHUR AND SALT WASH. 


The following preparation is a favorite one on the 
western coast for the destruction of scale insects and the 
Brown Mite. For the latter insect it is reported to be en- 
tirely successful about Grand Junction in this state. The 
following formula and method of preparation I quote from 
Circular 3, Second Series, Division of Entomology, Wash- 
ington, D.C. The paperis by Dr. L. O. Howard: 


Ulivs la kedglitnien.a.... 21 -se nak 10 pounds. 
SUD Mitten cartes, Cae) ee ee ee ee 5 pounds. 
SEOC SGA Ee Sr eS 2... 0 a ceteanedte eens eee 4 pounds. 
Water <Coniia Ke): oc weve cena 15 gallons. 


This wash will do great damage to the trees if applied 
during the growing season, and should be used only in win- 
ter. All the sulphur and half of the lime are placed ina 
kettle and 8% gallons of water added, after which the con- 
tents of the kettle are boiled briskly for about an hour. The 
solution, which at first is yellow from sulphur, will turn very 
dark brown, assuming more or less of a reddish tint, and 
will finally change from a thick batter toa thoroughly liquid 
condition, the product being ordinary sulphide of lime. All 
the sulphur is added to the remaining five pounds of lime 
and the latter slaked, after which the slaked lime and salt 
are added to the sulphide of lime already obtained, the 
whole being then diluted with water to make 15 gallons. 
This should be strained before application, as it does not 
form a perfect liquid solution.” 


=— Gree 


INSECTICIDES THAT KILL OR REPEL BY BEING 
INHALED. 


CARBON BISULPHIDE. 


This is an extremely volatile liquid having a very disa- 
greeable odor and its use must be attended with a good deal 
of caution as it is explosive when mixed with air and 
brought in contact with fire. It can be used to destroy any 
insect that can be got into a tight receptacle as a box, jar or 
room. It is also destructive to root-infesting insects and 
ants in hills when injected into the ground in proximity to 
the insects. When employed for the destruction of insects 
in tight receptacles, use about one quart to every 1,000 cubic 
feet of space and continue the treatment for 24 hours at 
least. If used ina building that is not very tight a some- 
what larger amount might be required. For fumigating 
large rooms it is better to place dishes containing the liquid 
in the upper part of the room as the fumes are heavier than 
air and settle. 


HYWROGCVANIC (ACTD <GAS: 


This is a very successful remedy against scale insects in 
California and is used in the following proportions : 


Cyanide of potassium, 60 per cent.,....1 ounce. 
Commercial sulphuric acid,....1 ounce, (fluid). 
DECI... Wr M ee Nits 8 sap Mo ota, 3 ounces. 
Ce ANCIOSCO yay. cones Joule. ee ols 150 cubic feet. 


The fumes given off are extremely poisonous and care 
must be taken not to inhale them. The tree to be treated is 
first inclosed in a tent or box, the water and sulphuric acid 
poured into a dish and set in, and then the cyanide added 
and the tent or box quickly closed and kept so for about 
one-half hour. 
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Figure 12. 


Apple Plant Louse: Twig showing eggs. (From photograph by the 
author.) 


Figure 29—A. 
A twig of soft maple showing the cottony scales covering it along one 
side, the under side of the limb. (From photograph by author.) 
Figure 29—B. 
Cottony Maple Scale: Female scales on leaf and twig with the cottony 
secretion protruding. (Riley, U.S. Dep. of Agr., Rep. 1884.) 
F igure Sl. 


Trunk of cottonwood tree showing the dark patches on the bark caused 
by the souring sap from the burrows of the Cottonwood Borer. (From photo- 
graph by the author.) 


Figure 32. 

Elm Leaf-cluster (Schizonewra americana): a, b, ¢, d, successive 
stages in the early development of the gall; e, the louse covered with cottony se- 
cretion at the base of the bud which is just beginning to curl. All natural size. 
(From photograph by the author.) 

Figure 38. 

Elm Leaf-cluster (Schizonewra americana): a,a, etc., a number of 
the clusters on an elm limb. Very much reduced. (From photograph by author.) 
Figure 34. 

_ Pine-leaf Scale (Chionaspis pinifoliae Fitch): A, the scales on leaves 
of silver spruce; B, scales on leaves of pine. (From photograph by the author.) 
Figure 35. 

Egg patches of plant lousa (Chernves sp.) on Douglass Spruce. Each 
patch of eggs covered by a cotteny secretion from the adult louse. Somewhat 
reduced. (rom photograph by the author.) 

Figure 36. 
_ Injuries to small locusts trees by Tetraoesp femoratus: a, a, etc., gashes 
cut in the stems by the jaws of the beetle; b, b, beetles at work. (From pho- 
tograph by the author.) 


Figure 49, 


A frame of honeycomb showing the cocoons and webs of the worms that 
were feeding on old pollen. (From photograph by the author.) 
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Fig, 32, 


Fig. 33. 


Page 4, line 6, for 21 and 48 read 22 and 46. 

Page 4, line 9, for 17A read 17. 

Page 18, line 8, for a, antenna read 6, antenna. 

Page 18, line 12, for Pratenszs, read fpratenszs. 

Page 64, line 6 from bottom, for 7etravesp read tetraopes. 
Page 65, for 29B under upper figure, read 290A. 


The cut on title page is a duplicate electrotype ob- 
tained from the Div. of Entomology of the: U.S. Dep. of 
Agriculture. 
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ON THE LOSSES FROM CANALS 
FROM FILTRATION OR SEEPAGE. 


By L. G. CARPENTER. 


The present bulletin is one of a series bearing on irriga- 
tion questions, and while suggested by the conditions "in 
Colorado, it is not limited in its application to that State. 
The author has kept steadily in view the fact that Colorado 
has a limited supply of water and that the success of her 
individual farmer, as well as her agricultural extent, depends 
upon a clear understanding of the means of using water 
properly, of saving useless losses, and of the prevention of 
waste. While the author has believed that there are ques- 
tions which might be more immediately useful to the indi- 
vidual farmer, he is fully convinced from a study of the 
development of other irrigated countries, that in the forma- 
tive period of our development a more lasting benefit will 
accrue to the agriculture of the State by considering certain 
fundamental questions not so immediately applicable to in- 
dividuals. 

The present bulletin, however, has its immediate individ- 
ual application. It is to someextent complementary to bul- 
letin 33, on seepage or return waters from irrigation. While 
the earlier bulletin discussed the seepage or return waters 
entering streams, the present bulletin considers the losses 
from canals which, there is reason to think, is the principal 
source of the gain in the streams. If the connection be- 
tween the canals and the streams is an intimate one, we 
may finally expect to find an approximate equality between 
the losses from the canals and the gains in the streams. 

But more suggestive, the measurements here reported 
give an idea of the extensive losses involved in the carriage 
of water. The amount has been believed to be large, but 
when it is found that the leakage may become as much as 
20 or even 30 feet in depth per day, it suggests the import- 
ance of taking steps to lessen the amount. 

By stating the loss in the depths lost per day, a better 
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idea can be obtained even by those familiar with the terms 
of water computation. 

The loss of water from canals and distributaries seems 
to be greater than the loss from irrigation into the soil. 
Many cases of leakage can be lessened with profit, thus 
saving considerable water, and much more water can be 
saved when its value is enough to warrant the expense. 

While the author’s conclusions are necessarily influenced 
by the cumulative effect of numerous observations difficult 
to fully summarise, the measurements throwing light on the 
subject under discussion, are presented with sufficient full- 
ness to enable the reader to disagree with the writer if the 
facts do not warrant his conclusions. 


The loss from canals is known to be large, and often 
produces a serious problemintheir management. ‘This loss 
is often the cause of unnecessary scarcity in the water sup- 
ply, especially at the lower end of the canal during the sea- 
son when water is low. It has sometimes been enough to 
cause canals or laterals to be abandoned. It has many times 
led to failure of crops and has always made a material de- 
crease in the water supply. The serious nature of the loss 
has been understood by the farming community, and asso- 
ciations have sometimes discussed methods by which it 
might be lessened. But I am unaware of ‘any serious at- 
tempt to locate the loss or to determine the amount. 


While we have made occasional measurements on the 
losses from canals, the past year (1897), has been the first 
‘when systematic measurements could be made. Without 
attempting to develop the general law of the loss, the 
measurements on a number of canals under different condi- 
tions are given with such conclusions as the data seem to 
warrant. A knowledge of the facts is the first step toward 
finding the remedy, or even to decide whether a remedy 
need be sought. 

It is hardly necessary to observe that the cases here 
given are specific ones, and the losses found in these cases, 
may or may not be the same on other canals. The simi- 
larity of conditions, especially the similarity of the canal 
bottom, gives a basis for judgment. In many cases the loss 
is undoubtedly less, in others more. Hence the need of 
caution in hastily assuming that these measurements apply 
to all cases. So far as the canals chosen represent average 
conditions, the measurements may be considered as aver- 
ages. From these and from a larger numlcr of cases we 
may hope to determine the probable losses and from more 
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extensive investigations obtain principles which may be ap- 
plicable under new conditions. 

The canals measured include stretches of canals in the 
Platte Valley and Cache a la Poudre valley near Fort Col- 
lins, and several in the San Luis valley, and one canal on 
which automatic records were kept for two years. The 
method of measurement was essentially the same in all cases, 
namely, to measure the amount flowing in the canal at dif- 
ferent points, and then to compare the increase or decrease 
tm the amount of water in the canal after allowing for the 
water taken out by laterals between the points of measure- 
ment. The measurements show that many of the canals, 
* especially those deep in the ground, serve as drains during 
a portion of the year or for a portion of their course. This 
is often true where there.are other canals on higher ground 
whose seepage drains into the lower canal. Some canals 
lose water in places and gain water in other places. We 
have thus found some stretches where the results differ from 
those anticipated. In some cases the loss from the canals 
was found to be very large. 

The results suggest that it is desirable for many of the 
larger canals to determine their loss from seepage through- 
out their length and thus determine whether unreasonable 
losses take place in any portion. It is true that some sec- 
tions are much more subject to loss than others, in fact that 
much of the loss is apt to be in a comparatively short dis- 
tance. When such is the case it may be profitable for the 
company to take steps to lessen the amount of loss. 

The loss of water from canals has been considered an 
incident necessary to the carriage of water. To a limited 
extent this is true, but where the loss is more than moder- 
ate, it may be considered as due to defective conditions, and 
generally can be lessened. The loss from the canals is a 
pure evil. It lessens the amount of water available for use 
and in so much lessens the productive power of the land un- 
der the canal. In some cases it may be sufficient to cause 
the damage or loss of crops. More than that, the seepage 
is undesirable to the lands below the canal. In most cases 
it is a positive injury, leading to the water-logging of tracts 
of land, and frequently results in troublesome claims for 
damage against the canal company. 


METHOD OF EXPRESSING THE LOSS. 
For the present I prefer to express the loss as the depth 
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over the surface of the canal, lost in one day, rather than in 
per cent. of the water in the canal. The losses from differ- 
ent canals are then more easily compared, and cases of un- 
reasonable loss sooner recognized. In ditch management 
the tendency is to express the loss in per cent. in which case 
the loss suggests nothing as to the economy of water. To 
say, without other information, that a canal loses 25 per 
cent., gives no indication whether the carriage is econom1- 
calor not. In a long canal the managers could congratu- 
late themselves that it is no more; in a short canal it might 
be excessive and should set the officers to determining the 
location of the losses and to seek a remedy. , 

For those unaccustomed to this form of calculation, it is 
convenient to remember that the amount of water given by 
one cubic foot per second in 24 hours is enough to cover 
two acres one foot in depth (correct within less than 1 per 
cent.), and hence a daily loss of two feet over an acre would 
require the constant flow of one cubic foot per second to 
make good. The deeper the water in the canal the more 
rapid is the leakage, but with our ignorance of the exact re- 
lation we neglect the depth and consider only the surface 
of the canal. In the table full data is given and if the con- 
nection is subsequently determined, the data-should be suff- 
cient for the later investigations. It would doubtless be 
better to consider the wetted area of the canal rather than 
the width as a factor. As the canals are shallow and broad 
it matters little whether the surface area of the canal or the 
wetted area is used. 


EVAPORATION RELATIVELY SMAILIG. 


In considering the losses from canals, it is common to 
consider the loss from seepage and evaporation together. 
In most cases the evaporation is smail in comparison with 
the loss from seepage. In ten years record of an evapora- 
tion tank freely exposed to the sun and wind, at the State 
Agricultural College, Fort Collins, Colorado, the annual 
evaporation has averaged but 41 inches.* 

_. The temperature of the water surface in the tank 
is, however, lower than in many of the canals. As evapo- 
ration increases with the temperature of the water, the 
evaporation from some canals would be correspondingly 


* Annual reports Colo. Agricultural Expe-inent Station, 1889 and 1890. 


Monthly evaporation given in full, table 4, p 18, bulletin 45, on Losses from Res- 
ervoirs. 
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greater. Nevertheless, only on specially favorable days can 
the evaporation from a canal surface amount to as much as 
one-half inch for the twenty-four hours. But the loss from 
seepage is rarely less than one foot and more often twice 
that in the same time, hence the evaporation is relatively 
small and may be left out of consideration in this connec- 
tion without affecting our conclusions. 


CANAL SEEPAGE IN THE CACHE A LA POUDRE VALLEY. 


The Pleasant Valley and) Lake Canal is an old canal 
taking water from the south side of the Cache a la Poudre 
river nearthe canon. It was originally built to supply lands 
in Pleasant valley, a glade of several hundred acres formed 
by the faulting and erosion of the rocks, principally the red 
sandstone, between the Dakota sandstones and the primi- 
tive rocks. The general course of the river is to the south- 
east; the canal sweeps to the south in a long curve, mount- 
ing the first and second benches and skirting at places the 
bluffs which form the edye of these benches. The ridge of 
Dakota sandstone confining the river between cliffs on either 
side, forces the canal back to the river, and its course al- 
most overhangs the bed of the river. Through this ridge 
the canal is through and over the rock on a steep grade 
with some tunnels. The bank is often rockwork, with some 
soil. After passing this ridge the canal bends abruptly 
south, leaving the river at a large angle, and skirts the foot 
of the hog-backs formed of the ridge of resisting Dakota 
sandstone. It is thus the highest ditch on the south side of 
the river and like such ditches, is known locally as the 


“Highline.” There is no irrigation of any extent above the 


eanal. In several places a few acres are watered from res- 
ervoirs filled from small mountain streams. There can be 
no seepage into the canal except as furnished by the natural 
rains. The drainage of about 35 square miles is cut by the 
canal, but except in or after storms there are no surface 


streams. There are several small streams above the line of 


the ditch, but all disappear before reaching the line of the 
canal. Plum thickets show that spring waters appear 
near the surface in many places. The observers passed’on 
foot along the bank of the ditch and thus could not miss 
any of the lateral headgates. F 

The conditions were favorable for loss by seepage. 
Much of the soil is of coarse gravel and sand, and the canal 
skirts the edge of the benches, across sandstone ridges with 
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the strata exposed and with a decided dip offering an easy 
course for descending waters. ; 

The measurement showed a loss in 7 miles of over 15 
cu. ft. per second; or, starting from the river with 22.09 cu. 
ft.a little over 2 cubic feet being withdrawn by lateral 
ditches, there were left but 4.54 cu. ft. or there was a loss of 
a little over 15 cu. ft. per second. 

In the portion outside of the foothills occasional gains 
were found. In most cases the gains were found to be asso- 
ciated with drainage areas of some extent. The soil is 
largely disintegrated granite, coarse and porous, and ab- 


sorbs rain very readily. 
TABLE Ta. 


PLEASANT VALLEY AND LAKE CANAL. 
Measurements made by R. EB. Trimble and J. C. Mulder. 


2 og a 
« 
3 12 of Measure- - A a 
s a Date and Hour. gee ea | 2 A Notes. 
35 ae eu les 
} | S 'S E 
S < io) O =) 
1897— 
1 |Oct. 28, 9:20-' 50 a. m.|/Canal near headgate 22.09 
SS 10:20%ae mi Lateral 0.16 Gravelly and sandy; 
2 ss Canal (near Capt. near river. , 
Post's upper place)| 17.23 -4.70) 1.30 
‘*-— 11:40 a.m, |4 Laterals 69 
3 *© 11:50-12 m. Canal (point of bluff 
below school house) | 10.64 =5290\) tos |e ee “f 
ss 6 Laterals 02 
4 ** 4:20-1:55 p. m. |Canal at road crossing| 7.85 -2.77| 2.89 |West of Bellevue, 
10 Laterals is! clayey sand. 
5 PES 21 Ohya Canal (near ©, E. Pen- 
nock’s) 7 1gs +-0.83] 1.45 |Crosses several lines 
Lateral 0 of drainage. 
6 ‘© 3:55-4:00 p.m. |Canal (50 ft. below Ist 
tunne!) 6.29 -0.88] .82 |Stratified slope; 
Lateral 0 rocks inclining. 
7 ** 4:30-4:35 p.m. |Canal (200 yds. above 
2nd tunnel) 5.65 -0.64) .72 a ae Ss 
8 ** 4:55-5:00 p. m. |Canal (at end of rock 
work on Bingham hill)} 6.41 +0.76| .50 |Crosses some of the 
Lateral 0 glades of ridge. 
9 ** 5:20-5:30 p. m. |Uanal (near Claymore 
lake) 4 54 -1.87| .30 |Along outer side 
9 30, 8:30-8:40 a. m. |At same place 17.98 ridge near junct’n 
- 2 Laterals Trace of earth and rock, 
10 ** 9:20-9:30 a. m. |Canal (west of Mich- 
aud’s) 19.07 +1.09) 1.04 |In excavation. 
7 Laterals 1.19 
11 “ 10:55-11:10 a.m.|Canal (west of Pren- 
dergast’s) 16.53 -1.35| 2.50 |Crosses ridge of 
“ 2 Latera 8 1.16 sandstone. 
12 “ 11:40-11:55 a,m./Canal (west of ceme- 
: tery) 13.57 -1.80, 1.41 |Along side hil’, mod- 
+ 2 Laterals 0.15 erate slope. 
13 “1:15-1:25 p. m. |: ‘anal west of Loom- 
- i is’ farm) 13.42 0 1.94 |Some seepage show- 
oes 5 Laterals 6.19 ing below ditch. 
14 * 2:35 245 p.m. |Canal (west of B. B. 
¥ Harris’ farm) LETS +-1.50) 2.55 [Some land irrigated 
Nos 3 Laterals 0.16 above ditch from 
oa) * 3:15-3:55 p.m. {Canal (west of Rugh | Dixon canon. 
i. Farm) 13 02 +1.45) 1.75 |Crosses some lines 
f -- 11 Laterals 2.82 || of drainage. 
16 “5:25-5:30 p. m./Canal (west of Cun | 
ninghams) 9.95 | -0.25, 2.64 |More gravelly, some 
irrigated land above 
ditch from Spring 


ees aT be H ___| canon. 
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Measurements by R. E. Trimble and J. D. Stannard. 
1898— 
12 |April 23, 8:55 a. m. Canal west of Ceme- 10:10 a.m. at starting 
; tery 17,26 point, no change 
. § 2 Laterals 1.25 noticed. 
** 9:45-9:57 a. m. sg oe ed west end of 
end about % mile. | 17.56 155 
13 “ 10:25-10:38 a.m. |Canal west of Loomis’ c 
aAS ‘gles 17.97 ; +-0.41] 1.94 JAt a D. ebe wa- 
\8 Laterals 6 62 ter had fallen % in. 
A€ }- * 12:02-12:32 {Canal west of B. B a 
x Harris’ farm 12 67 +1.32] 2.55 |Water fallen % inch 
2:30-2:41 p. m. At same place 11.69 since noon. 
_ 2. 6 Laterals 0.61 Water had fallen 2 
15 3:40-3:50 p. m. Canal west of Rugh inches by 4:25 p.m. 
farm 8.53 -2.55] 1.75 |Water had fallen 4% 
Sih oe eee Y= 10 Laterals 3.31 inch by 6:10 p. m. 
16 9:38-5:45 p.m. Canal west of Cun. 
ningham’s 9.91 -+-0.69}) 2.64 
TABLE I b. 
PLEASANT VALLEY AND LAKE CANAL. 
Place of | Temp, Area of | Averag2 | Greatest | Surface Gain or | Distance ee eas 
Measure- of Section. | Depth in| Depth in} Width. Loss, in of ee 
ment. Water. | Sq. Feet. Feet. Feet. Feet. Sec. Feet.| Miles. Fak 
if 42°] 21.23 1.34 1.72 TPR ame lll eaters nie LD all Merce 6 2 
2 43° .9 18.74 90 1.26 18.9 -4.70 1.30 -4.7 
3 AL° 5 7.20 64 0.81 11.2 5.90 1.31 -5.1 
4 48 7.26 63 0.87 11.5 -2.77 2.39 -1.7 
5 48° 4.89 bd 0.75 9.0 -++0.60 1.45 +0.7 
6 48 3.93 Ad 0.65 8.8 -0.71 82 -1.6 
7 48° 3.68 5U 0.72 7.4 -~0 64 72 -0.4 
8 48 4.90 65 0.97 Poe +0.76 .50 +1.7 
9 1) eAGierd 12.63 1.09 1.59 11.6 -1.87 30 -3,2 
9 89° 18.40 1.36 2.07 13.5 RAMs n AEG 
10 39° .5 13.71 64 0 79 21.5 +1.09 1.04 +1.0 
apt 4] 14.40 1.00 1.27 14,3 =1.35 2.50 -0 5 
12 42 12.56 70 1.12 16.3 -1.80 1.41 -1.4 
13 44° 13.73 R4 1.10 16.3 0 1.94 0 
14 44° .2 12.40 Bt 1.42 14.8 +4.50 2.55 +1.9 
45 44°.5 11.01 ahd, 1.02 14.4 +1.45 is 0.9 
A eee ee ore 9.98 1.00 1.45 10.0 -0.25 2.64 0.1 
12 50. 15.45 1.13 1.39 ieee Org piece ee be ereges 
13 LYS 13.60 1.07 1.35 12.7 = al (Px 1) Paella Rene | Mea Sans 
13 58". 0 13.92 .97 1,26 14.4 +0.41 1.94 +1.3 
14 5b*..0 12.24 Jud a Fy) 14.6 +1.32 PRY) +0.6 
14 55° .0 11.99 79 1.34 1s CW ried Sari lle Mer G.cear iecomosdoas 
15 By ete 9.11 67 0.88 13.5 2,55 703) -2.7 
16 bo. 5.90 .62 1.01 9.5 -++0.69 2.64 +-0.4 
SEEPAGE FROM CANALS IN THE SAN LUIS VALLEY. 


the measurements are given in the following tables. 


Measurements were made to determine the loss by 
seepage and absorption on a number of canals and on later- 
als, approaching canals in size, in the San Luis valley, and 


These 


include measurements of the losses on the Empire canal, on 
the Blackmore or Fisk Ditch, on the Prairie Ditch, on a 
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branch of the Rio Grande canal, known as the North Farm 
lateral or ditch, and on other laterals of the company known 
as the 1F and 1C laterals. 

The conditions in the San Luis valley are somewhat 
different from those in most places of the state, but the con- 
ditions causing the loss or gain by canals are necessarily the 
same. 

The San Luis valley is one of great extent—nearly the 
size of Connecticut. In Geological times it was the bed of 
a lake. Its surface is of very uniform and moderate slope, 
so that canals often pass for long distances in straight lines. 
The Prairie Ditch, for example extends nearly twenty-six 
miles on a straight line without turn or bend. The fall of 
the country is moderate, though large for canal purposes. 
It decreases from about fourteen feet per mile near the rim 
east and west, to half as much as the center of the valley is 
reached. A map of the valley showing these contour lines 
has been prepared and will be published in connection with 
a bulletin giving further results of investigations in the 
valley. 

A large part of the valley is irrigated by sub-irrigation 
which consists in filling the sub-soil by water from the ca- 
nals and laterals. The slope of the land is so uniform and 
gentle that the water does not find low places in which to 
appear in the form of seepage as in an undulating region. 

The general process of irrigation in these regions is to 
run water into the laterals and allow it to soak away, and by 
so doing fill the sub-soil until the water is at a moderate 
distance from the surface, about eighteen inches being de- 
sired during the growing period of the grain crops. The 
soil of the valley is very deep, but is everywhere underlaid 
with coarse gravel which becomes finer as the distance from 
the mountains increases. Most of the ditches are excavated 
into this gravel. 

The irrigated region includes most of the valley east of 
what is known as the “Gun-barrel road’’—which extends di- 
rectly north from Monte Vista—and the tract in which sub- 
irrigation shows, includes a portion of thisregion. In places 
Irrigation extends west of the road. It may be expected 
that as long as the surface of the underground water is be- 
low the bottom of the canal there will be loss of water by 
seepage. Where the ground water rises above the bottom 
the canal may then actas a drain and carry away a portion 
of the ground water, and the canal is thus found to increase 
in volume by seepage. 

Circumstances prevented making as extensive measure- 
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ments of canals as desired, but a distance of some forty 
miles has been measured, which is sufficient to reveal the 
extent of the losses and some of the conditions. 

The Empire canal is one of the largest canals taken 
from the Rio Grande river. It heads on the south side some 
miles east of Monte Vista. It is cut rather deeply in the 
plain. Inthe first five miles there is found a gain of six- 
cubic feet per second. 

The Blackmore ditch is a small ditch on the north side 
of the river, heading nearly opposite the town of Monte 
Vista and extending east. It starts above the region that is 
showing sub-irrigation and for a portion of its length its 
channel is a little above the plain. It was found to lose 
nearly four cubic feet per second in two miles. 

The Prairie ditch was measured for some miles from its 
headgate directly east. The change in volume seems to be 
irregular, there being a gain of 1.42 feet in three miles, 
passing across the river bottom, then a loss of 1.80 feet in 
one and one-half miles through a gravelly soil; then as it 
strikes the region that is more or less sub-irrigated, a gain 
of a little over two feet in the first two miles and a gain ofa 
little over a foot in the next two miles. The last mile meas- 
ured showed a loss of nearly two cubic feet per second. 

The North Farm lateral is a branch of the Rio Grande 
canal. The Rio Grande canal takes water from the Rio 
Grande river near Del Norte and with a northeast course 
runs almost at right angles to the river to Saguache, forty- 
five miles northeast. The North Farm lateral passes nearly 
parallel to the river. Its course is through the gravelly soil 
and the excavation extends into the boulder gravel for most 
of the length measured. Mile posts are placed along the 
ditches belonging to the company, so that distances could 
conveniently be told. The first measurement was made at 
the second mile post from the main canal and then at each 
subsequent mile post along the line of the lateral. Two 
measurements were madeat different times, on July 6th and 
August 3rd. Atthe first date the amount of water in the 
lateral was nearly twice as great as at the last date, and the 
loss of water was found to be about twice as much. The 
measurement was carried on until the canal reached the 
border of the sub-irrigated region. 

Laterals 1F and 1C, which were measured, are branches 
of the same system. 

A measurement was made on the loss of water from the 
Blackmore ditch early in May, ina stretch east of the “Gun- 
barrel road” and included in the measurement otherwise re- 
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ported. 


ditch. 
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The amount of water in the lateral was measured 
by floats at two points nearly one-half mile apart. The dis- 
charges were found to be 2.85 and 2.43 cu. ft. per second 
in two places, or a loss of .93 cu. ft. per sec. per mile of ditch, 
or equivalent to a depth of 3.72 feet over the surface of the 


If the gravel consists of one-third voids this would 


be equivalent to a velocity of 12 feet per day through the 
soil. 


TABLE IlTa. 


LATERAL 1C RIO GRANDE CANAL SYSTEM. 
Measurement by R. E. Trimble. 


Amount @uttaice Gain‘or | Distance 
Date and Hour. Place of Measurement. |Measured Sa6 Feet. Loss. in 
Sec. Feet. : "||Sec. Feet.| Miles. 
AUSUSt 24:30 De Win ce ee ene: SUM Mes sh ek. deamaceieaie anes WSATOr Wicd. chase bales cee aerate Belleair 
AS 4:00 p, m.. Pe ldthrml le poste .saeme esa 21,17 +2.38 0.5 
oe Sle ML were ee HEDUIN TG POsteses ces ae tersietsle ate ae a Ie ee -3.51 q 
ei S20 aba A. sence Sthimile post<.cnc-qweeeen ee SOB Reece tae -2.60 a 
na at viaege rh ae ol Lateral 100 yards below 6-m|.......... faa) eee nemeccitn |\Panomco 25 
ey Sa Pe Aaaueal Lateral % mile below 6-m...| ......... 0 Petre Peon eco 
fh 2:80-2:45 fo, Misses yb bh) MTe POStea es eesce ss 1 dO0) Mier ate eras -0.20 ie 
PRAIRIE CANAL. 
1897— 
July 132555200 sm wee ae ioe Nepr headgate sasceeae tere SOME SS. caeaeae 
a Fs Sacre MeDonaldilateral. acc \eeeere ceil. 2.25 
Be wh poeyedins Ragunans dace Small ditch: wrens sce tae: 108" (escheat See eee 
mes ALOOup eaneeicereehe nye 1% mi. west Gunbarrel road SDsDONs | peraorsersnre +1. 42 3.5 
Pie Soaterall 54. jen ect seawater eee 1.79 Seehe athe sia eae 
a s Sees e Pateralizcc.camn eee erases lt see atc eee 0.13 eee Bobi 
ihe ees ON la hob om ut abso At Gunbarrel road.......... ES WM ee RS A oie -1.80 1) 
ie 14, SBOE Maen scene At Gunbarrel road.... ..... 7a Te eal eee, | rene RAG Mn mole o 
Dillan Inthe eee ee North of North Farm....... BLTSO! 6 Pomeeecten ic +2 14 2. 
in (ees eincobon acne Buluateralis.e--ce sees cee sens 2.81 Jaieree enc 
eh AO ora ame eee ee: Aemiles Gast. cc. vate cree ees 29.620 ee Pee +1.04 2. 
MOO Fagna eae ec ek Suomilesteast, iss.45 ee cee OT SO teal eee eet -1.80 1G 
TABLE IIb. 
LATERAL 1C RIO GRANDE CANAL SYSTEM. 
Area of | Average | Greatest | Surfac i . Corres= 
Date and Hour. mou ace Section. Dévtn. Dapth. Widehe Bhp Nistance) ponding 
* ISq. Feet.) Feet. Feet. Feet. Sec. Ft. | 17 Miles. Dept 
4 ye 
Aug 2,430 pum |. 20818 10.48 65 0.89 16, ed ca lat enone eee 
Bp 4-00 p.m. Taone 9.88 259 0.90 16. +2.38 0.5 +-4.95 
Ps 3x45 p.m. Toe: 6.04 Wes 1.10 9.5 -3 51 1.0 -2.88 
i 3:20 p.m. 78° .0 8.96 75 1.04 12. -2.60 1.0 -3.60 
2:30 p.m.}| 81°.0 10.04 .09 1.32 11.3 +0.35 L.0 +.48 
PRAIRIE CANAL. 
rae | met 
July 13, 3:20 p.m, Restrict 38 30 1.38 1.70 27.7 cree eee 0. | |i... me 
RO pa, 17 42 67 1.40 26, 44 49 gig |) aves 
re OSD GIN: 19.60 98 1.28 20. -1.80 1% ~.86 
14, 8:20 a, m. 18.32 92 1.20 20 
woe'dada.m) 65> | 120 | i | olen | be dea Pp a0 
“ 10:5.a,m.| 67°.5 | 12.80 57 0.65 21.6 Tio 2 £38 
I:00'asm.} | 71° 15.12 57 0.65 26. -1,80 1 -1.24 
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TABLE Illa. 
NORTH FARM LATERAL. 
First and Second Measurements. 
+ | Dis- 5 
Gain Gain 
ens Am’t. os or fende Place of Measurement. D ote ane Amt asl or 
Loss : Loss. 
Miles 
July 6, 1897. Aug. 8, 1897 
PEOOCAG Ms. 1199550) es coe ......|150 feet above mile post 2*....| 9:45 a. m./90.50].....]...... 
LO SUES ors eee ISU 3 3) (oa Seen NOFth DIARCHs =. 5 \ecme ener ora L100) ass los am AOn zo leneaes 
TAR Ce Se ceil Be) | | ee +9.41} 2. |South ‘“ near 4th mile post}............ GRP AN [Reser +8 .52 
1:10 p. m....}124.45| 0 -+0.63f- 1. {5th'mile post..:........ cent SO Eas mi 52.14 teen -1.15 
2:15 p. m..../117.55] 0 - 6.90| 1. |6th mile post 12:50 p. m.|49.38]..... -2.81 
2:45-8:00 p.m.]103.32! 0 428) 1 thimite post... coceessscce soon 1:30 p. m./44.92!..... 4.41 
Sere iniar. oO ee antes MOO MP osc ohiltterane DLOrAL Gees cos uk ee oes 150) ps eat | | senanl| Len Olmeaerce 
3:40 p. m ES) aaeee 9.06) 1. |8th mile post..................|/ 2:10 p. m,|/ 5.96/00... +3.80 
4:00 p.m Seoul = oe. 1088)" inact Othomile: POSb.. sc csatcs ta cokeae 2:35" p. 10/8410) ae e -1.86 
Se Crone Bee PERE OO. cciate aelpeghaws Lateral about 44 mile below |}............].....| 7.67|...... 
Rrncete = staes\~ ere ait cicinsc. 6 rad Sa eee ‘s ie. Behe e poo) Bill, ea oee ee reee aa eee AOL eee 
Bee aca crete sats Pciataisen = A ee a Cymer ae ee siavele “isjelatgersint| Gieteieto Oe OO locate 
Re cians POA coc cetcs cen ot Siaswls Teigenitine sie minprel Denki emer 
5:00 p.m....|_ 32.54|......,+0.30| 1. [10th mile post ................| 8:85 p. m.(22.92|. 2.1] Zilia 
ae sacl os oar OSS Neieccetsatee|) uateral 200'yvards: below! creeilit saeco ceee oe SO Cee 
ho oe eoe Cee Teale aaa Sept Be ss SD Reece aallenesal he MOWER ae ec 
2 Ss eae PTR SS Aina | serail korea CaCO CA aR as ee EE eB eee elke ec DAL omoc 
5:30 p, m 5a. | ee [OO de stub Imile pOstnw.e .s.d.as cea, 4:20 p. m./20.89) .40} -1.21 
* Bottom of boulder gravel, 
| size of man‘s fist. 
| | \Gage height .13 
TABLE IIIb. 
NORTH FARM LATERAL. 
First Measurement. 
(By R. E. Trimble and J. D. Stannard.) 
. . Corres- 
Area of | Average | Greatest | Surface || Gain or | Distance . 
Date and Hour. pepe of] Section. |Depth in|Depth in|Width in|] Loss. in pons, 
ater. /Sq. Heet.| Feet. Feet. Feet. Sec. Ft, | Miles. Tees. 
July 6.— 
gE ee TO 69.16 1.47 2.00 47. svateray's [hash Reteta aye 
11:40 a.m.. OG) 34.55 1.19 1.65 29. +9.41 a. +2.04 
10h, m0; - 65° 36.70 0.92 1.40 40. +0.63 ae ar .S 
ROMER Lectate se aifles as oicieis ois 35.15 1.40 1.90 26 - 6.90 ie -3.0 
yoo Tih ob es eR eeee 31.30 1.30 1.70 24. -14,23 1p -9.6 
ATVs Airis etl eee 23.15 0.93 1.20 5. +9.06 a 46.1 
4:00 p. m...... 68° 25.02 1.32 1.85 19. -10.88 he -8.1 
DHCD BIL wate. s5.[jaciovas ae os 11.95 0.80 1.25 15. +0.30 ile + .3 
LEED Te eon et | SBOaee eee 12.95 1.44 1.10 9. 40.06 1, +08 
POT Oe esalece's cre. \\e.¢.0 5 58%0! «hie a lfiotal mete ajetatin ECO! Opt ais pccceste ote 265 Whsetiseecissreall stcteacatereelaiel|tettaereteeatares 
TESST Nasa eae 5 al aaeee canal Seneicaec cc loodcc epee SAD Bion -12.55 : 
Second Measurement — By R. E. Trimble. 
. 8, 1897.— 
AN A0's. TAACAORE 62°.0 33.56 1.12 1.95 30.0 Rae a. PR Ame 
11:00 a. m...... 64°.0 20.64 0.94 1.85 22.0 +83 .53 2 +.62 
TOI eS SB econ 65° .2 21.97 1.04 1.41 21.2 -1.15 1 -.88 
52:50 san. 21-« 67°.3 22.54 0.48 1.26 23.0 2.81 1 -2.1 
1:30 p. m...... 71°.0 20.23 0.91 1.75 22.2 4.41 1 =3.2 
LOOT epWeinieteis's 70° .2 14.68 0.67 0.89 22.0 +3.80 1 +2.85 
2:85 . Wiss ox os 71°.8 15.73 0.94 1.28 16.7 ~1.86 1 -1.6 
8:20 p. m.... =. 72° .3 9.36 0.67 1.03 14.0 -1.15 1 -1.2 
420p m...... 72°.0 11.06 0.74 95 15.0 -1.28 1 l/l 
Average.......... 13.86 OFSS eh ae 20.7 SA ¢ “GEadodaosacoue. o 
TROGIR Sin ceil eemtanec ola Ieciaceem0 A. ra] chs eacerasc| Ne oie aaa Pere -5.28 9 ‘ 
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TABLE IV a. 
EMPIRE CANAL. 
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Measurement by R. E Trimble and R. D. Blakey. 


Date and Hour. Place of Measurement. Amount | Outtake yecers Distance. 
1897— 
June 11, 2:40 p.m ...:....-..|At head . 124.99) Wess othe s alleeeeemserts |i eiteresiees 
OS Soe eae ciske ai aelater ttle Gieeots Davis lateral... ventag. sale ees 1: QOyOVANSES.o 2 ater eects eee 
DAVaSaN Once teocosee weohilieerelcaits OMe Mesa snndsallsaae abes sn 
Pete Orie ae Ce ee Metzger NOs)... <sacns sacl Memes ater 0 sh Sule stir lospeete ee 
RRB re fs ts See eat eS Metzger No, 2 Beha ae 0 is ears hee [Deeb eee 
Metzger NO. 3:..< cere ee Ol Ane ete 8.12) |\\o scree ntteerellevoomeleben roe 
June iit, 4:35 | D. Td. be eee Above Loveland lateral. .... 1 GRAY Po peter rs-5c +16.00 5 
BLACKMORE DITCH 
June 17, eats m. .|At bridge.. vile ADS4. ANS oe calll eee anos eee Settee 
Jauete— poms. can keses At lateral . Se Aa AHP pte cectore nS eee sno smo camalluoee natn Ac 
June 17, 3:30 bi m. ‘lSouth of North Farm ....... OFS ee eens -3.60 2.03 m 
Ma yeheccinniiiacontos saaceacse AtiDridge.. 2 ATES. oN comes Po tall SRP EAC | Or Or Op yy ** 
SUED SEES) ies Suteh terse ate % mile east by floats........ 2AB- Al ose teames ADT | oocubacactae 
LATERAL 1F. 
ANI 4 oO SSO Kas rye ster arecneter At head. NZ OB) [lectins 
DAE iis se doneaeas 2% miles from G. B. road... TTS09\7 || aecneee 
Batata cielete cope wise ie ees oe certs Wateral 5... .c.- accom ctealene eee 1.67 
ET hereon code Mcce 0.37 
Bia aieh clatatetare tor niz weaVoede Aeialtepsacte agains Sein Fr ai ctr wie cree tntaarrtee nitrate: 0.39 
OLS AIY orcs eee eee 1 mile. Bx82) *Waee waters 
Bre Lateral .. cllinee.cxtanen 1.70 
ifchstoveibisieloretee cow ara yseuercrucired’| OL Ube wlista« a hible/ecaciael Se ee calles aad 0.51 
ee ae eas Peis MTSE RICS “ Ann wet 01 
G00 ka mini: epremectians Near Gunbarrel road ....... WeOke lence sacs 
TABLE IV b. 
EMPIRE CANAL. 
ne Maxi Gai Wacticce 
verage aximum ain or | pondin 
Date and Hour Temp Area Depth; Depth: Breadth. Taces! Depth rh 
Ly = - tae Feet. 
79.6 1.82 2.41 EY Olen | eee e more ed hn tse. 
70.2 1.40 1.70 50 +16 .00 ied. 
BLACKMORE DITCH. 
PUNE LF. Be40 ys es ne cle eras 10.35 94 1.21 11.0 wow sks Seah Renee 
SERMON soe ag ono. | 4.61 62 184 7.4 3.60 | 298 
LATERAL 1F, RLO GRANDE CANAL SYSTEM. 
Aug. 4, 10:30 a. m (yfog? 6.24 0.48 0.80 18; Sonera eens 
10:10 a.m] 67° 6.30 0.63 0.86 10. 1064" eee OS hae 
9:25 a. m 65° 5.98 0.66 0.99 9. -.04 —.05 
9:00 a, m 68°.2 4.20 0.54 0.76 4.8 +1.24 42.4 
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OTHER CASES. 


The loss on a section of the Fort Morgan canal given 
in table V, is the loss in a section between the headgate and 
Bijou creek, some ten miles down the line of the canal, and 
about four miles from Fort Morgan. 

The canal is on the south slope of the Platte valley and 
for much of the way is a loose sandy soil. It is in partial 
excavation and with an embankment on the lower or north- 
ern side. 

The loss in this canal amounted to twenty cubic feet per 
second in 1895 ina distance of 7.4 miles. In 1896 the upper 
measurement was made nearly two miles further up the 
canal, and the lower measurement at the same place as in 
1895. The loss amounted to 23.11 cu. ft. per second. 

These measures are referred to later, as they afford a 
basis for seeing the effect of slightly silting the canal. 


LOSSES FROM CANALS BY SEEPAGE,. 


16 


“og-6p ‘ad 
gg UNeTTAq Ur 0} portojyor oouBSUT “KoTOOLD) 0° ¢¢- “QF 09L | 90'S os FT g9o'T crt | s0'T% og Cinema ARR Ca Abies tone om 
Jo S319 Jo yaud ysom UT ATMS Moped puw eaoqy| | LI 9c'T SOULS Oto Sore ee ae ce 290 
“TVNVO & ‘ON AUTANYO 
“pod JoaTi 09}8[q JO puss eurd| 3G T- M4 CT 0- PL 08°T FT 
fe A ei Ra Nak al 2. os sielodere ae Sag odnl easorecd 78 eg" a CHG ‘L 
“HOLIG UAAOOH 
q “pesn 4OU SI plo STOPeYS 72 
eimsveul AYSIU SuLInp ATYSITS pesuvyo YoIP SV 
“1v90h OO POSH 4OoJ NOT OT ‘CUNY P[O Pue TOMOT IV i Ul z OLS = &F OG '& 88'S SaCOT ae seni ain, wd 00:C-08'F os 
‘oumng pro Jo pee AE $6 IL’ &¢- 6& 0G" i aa 9°46 Sane “+ urd 00: 7-088 oo 
“prog s.goguyg eytsoddg| fs OP one Ge Moro ee ie UI-dOES-COE ay ss 
‘oMUN SUTPBL YW pT Orga lel tga tc L’Ss G0'% 10'S | 09° L9 eBTS VIC sac d uw 'B ale ae ~pO 
— 6 
"IVNVO NVYDYOW LHO4 
; ‘oun UOTF {BOT ON “ourng st iG 4 8F Tt- v& G9's co'a JOU Reathe ae Pac ee eee UB OE CT ye os 
“9 OOF *ToUUBYS Meu 4FOOT OL “eulny noltg pee [SIE UL 80' 06- 88 $k G 68 Lt “69 Vee hee wae res UL'B OOTT 9 9s 
“pod S1ogeyg oytsoddgQ|s--" pee S cal ial ioe oo) cP 028 Fs =| 6 80L eT Vig lita es “ure eee eae 
A) 
eT | ‘SOIL Jeg a -9QQ| | “gooy Ul), : ‘bal: 
JA 998) |"900F UL) y. yooy Ul) 4 “DS 197}e MM 
‘S0}ON Baron ous “SSOT 10] | UIPIMA Hues yydeq |juotyoeg} jo “INO, pus 9}eqT 
-seai0y | -Stq ured) | eoRying Rein a3 JoAY|jo vary | “durey, 


‘IVNVO NVOUOW LYO4 


‘A WIV 


LOSSES FROM CANALS .BY SEEPAGE. 9 


In the case of the ditch of the City of Fort Collins, car- 
rying water from the Cache a la Poudre river to the city 
water works, a distance of 4100 feet, the ditch lost 4.34 cu. 
ft. per sec., equivalent to a loss of 5.7 feet in depth per day. 
The ditch runs through the bottoms and along the side of a 
hill rising some 20 feet above the bottom lands below. Im- 
mediately above the city ditch, as near the slope as the em- 
bankment will permit, is another canal, the New Mercer 
ditch, which, at the time of measurement, was dry. The 
Pleasant Valley and Lake canal is still higher, over one-half 
mile distant, but the seepage from this canal is carried in 
another direction by the local configuration of the country. 

The loss from canals has not been extensively studied 
and there seem few instances available where the results of 
measurements are given. In bulletin 33 several cases are 
referred to. 

MISCELLANEOUS OBSERVATIONS. 

The following cases are derived from other observers: 

On the Muzza canal, Italy, the loss is equivalent toa 
depth of 1.7 feet in 24 hours.* .The canal. is the first built 
near Milan solely for irrigation purposes, the other large 
canals including navigation as an object in their construc- 
tion. The Muzza has a heavy fall, giving the current too 
large velocity for navigation. The canal carries several 
thousand cubic feet of water per second, and under condi- 
tions as seen by the writer in 1892, that would seem favora- 
ble to percolation, so that the reported loss seems small. 

The Naviglio Grande loses 1o inches daily in depth. 
This canal was built over 700 years ago, about the same time 
as tie Muzza. The canal Martesana loses 1.5 feet daily.* 

The Centreville and Kingsburg canals, California, in a 
stretch of six miles lost a depth of 6 feet per day. The King 
river and Fresno canal lost in different portions depths of 
1.5 feet, 1.7 and .6 feet. 

Portions of the Fresno canal lost depths of 2.8 feet, .25 
ft. and .4 ft. in depth, and some laterals from 1.2 to 6.4 feet. 

In- the case of several canals in Kern county, Cali- 
fornia, the loss was found to be from .39 to 2.6 feet in 
depth in 24 hours, ranging from 1 to 2 feet in sandy soils and 
averaging 1.6 feet; in sandy loam and firm, compact alluvial 
soil, from .39 to 1.30 feet averaging .87 feet in depth.t 


* Baird Smith, Italian Irrigation. ; 

+On authority of C. E. Grunsky, C. E. of San Francisco, given in Bulletin 
88 : 

t Report Cal. State Engineer, 1880, App. B. by J.D Schuyler p.92 The 
results are changed to depths by the writer. 
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Mr. J. Keelhoff made some experiments on the absorp- 
tion of small ditches.* 

From the facts given by him, we find that the loss in 
the sandy soil of the Campine from irrigation ditches, 10 
inches wide with water 11 inches deep, was over to feet in 
depth in 24 hours; but when the depth of water in the ditch 
was but two i: ches, the loss was reduced to six feet per day. 
In the distributing laterals, 10 inches deep and two feet 
wide, the loss was over four feet in depth per day. In the 
principal lateral, with water 2 feet deep and 8 feet wide, the 
loss was over 2 feet per day. One reason for less loss in 
the last case, though the water was deeper, is that the bot- 
tom remains undisturbed from year to year. At the time 
of the test the silt had not been removed for four years. 
The other ditches were cleaned annually, thus giving a 
raw surface for the water to pass through. 


Geo. W. Rafter, C. E. ina report on the water supply 
of the W.stern division of the Erie canal,+ refers to a 
number of determinations of the losses from seepage and 
evaporation on stretches of that canal. 

On a section of 18 miles near Schenectady through an 
alluvial soil containing alarge proportion of vegetable matter, 
and leaky in places, the loss as measured by J. B. Jervis in 
1824, was 2 cu. ft. per second per mile. The canal was 28 
feet wide on bottom, 40 feet wide ontop and 4 feet deep. 
This is equivalent to a loss in depth of to inches in 24 hours 
over the whole surface. 

Mr. David S. Bates in 1823 concluded that a mile of new 
canal, such as the Erie then was near Brockport, would re- 
quire 1% cu. ft. per sec. per mile. This included evapora- 
tion. ‘The dimensions of the canal are presumably the same 
as the above, in which case the loss would be equivalent to 
8 inches in depth per day. On the Chenango canal in Aug. 
1839, the amount was found to be 1.09 second feet per mile 
corresponding to a depth of 6 inches in 24 hours. 

On the Erie canal near Wayneport, in 1841, in a dis- 
tance of 8 miles, when the soil was open and porous, the 
loss was 1.8 cu. ft. per second per mile; on the Clyde level, 
a length of 28 miles, with more retentive soil, the loss per 
mile was only .6 cubic feet per second. These correspond 
to depths of 9 inches and 3 inches per day respectively. 

In comparing with the results found on irrigation ca- 
nals, it should be remembered that the conditions on the 


x 


*'Traite Pratique de l’Irrigation des Prairies. 2d ed. 
+ Report of the State Engineer and Surveyor of N. Y., 1896. 
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Erie canal are more favorable to small losses than are those 
of irrigation canals. The Erie canal is in a more humid 
climate, with a rainfall about 2% times as great as that of 
Colorado and this tends to keep the water table nearer the 
surface and thus lessen the percolation. More than that, 
the Erie canal in this stretch is almost level (3 ft. fall in 60 
miles) and the slow movement of the water is favorable to 
silt deposition. The irrigation canals have falls ranging 
from 2 ft. upward per mile, and the beds are scoured by the 
running water. 


Mr. Walter James, who has been for many years the 
engineer of the canals in Kern county, California, writes* 
that their experience shows that they deliver 70 per cent 
of the water turned in at the head of the canals at the late- 
ral side gates, measurements sometimes being made from 
one to three miles from the main ditch at the lands where 
the water is used. There is one point on the Calloway 
canal where there is a loss of 75 cu. ft. per sec. in a distance 
of half a mile.t 

The canals referred to by Mr. James are from 6 to 25 

miles in length, and from two to three feet in depth. In 
their experience they find that an allowance of 2 per cent. 
per mile of main canal approximates fairly well to the 
loss to be counted upon. 
_ On the Carpentras canal of Vaucluse in France, taking 
water from the Durance, the loss was found to be great, 
though the waters of the Durance are thick with mud ordi- 
narily. The canal passes along the flank of calcareous 
slopes. The soil is generally thin. The banks were walled 
and the canal paved in many places. After these remedies, 
the loss is still considered to be about 30 per cent of the 
amount taken by the canal.f 

The canal carries 210 cu. ft. per second. The loss cor- 
responds to a depth of 1.2 feet over the length of the canal, 
which is 40 miles. 


The Marseilles canal in Southern France, which had 
cost $9,000,000 up to 1878, at first lost about 20 per cent., not- 
withstanding that the water supplying the canal is excep- 
tionally muddy, so much so that it was necessary to build 
settling basins at considerable cost. The loss was reduced 
to 10 per cent. by works protecting the banks, made ata ~ 


* June 13, 1898. ; : 
+ This is equivalent to a daily loss of 30 feet in depth. 
tSalvador, Hydraulique Agricole, (1898) 2:492. 
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cost of $400,000.* The loss under these favorable circum- 
stances still amounts to about 5 inches in depth per day. 

Where the Cavour canal crossed the valley of the Dora 
river it was confined by artificial banks and the losses at 
first were found to be enormous, being not less than 210 cu. 
ft. per sec. in a distance of but little over one mile; This 
corresponds to a depth of 20 feet per day over the entire 
width of the canal. 

This great loss was remedied by using sand in the bot- 
tom, using water made muddy with clay, and lime water, 
and after repeating the application several times the losses 
were found to be much less. After continuing the applica- 
tion for a couple of months, keeping the water stagnant to 
allow the material to settle, the losses were very much re- 
duced. 

CONTINUOUS RECORDS. 


For two yearsaself recording nilometer was maintained 
on a ditch four miles long, belonging to the North Poudre 
Land and’ Canal-company.. The lateral) had nowoutlergon 
that distance. —Weirs~were placed at the upper end mear 
the reservoir from which the water was drawn, and also 
near the lower end about four miles from the reservoir. No 
water was used at intermediate places. The record was 
made to ascertain the loss there might be from seepage and 
evaporation during the time. The lateral is built ina soil 
mostly of clay, which does not wash unless the velocity is’ 
considerable. The seepage was not expected to be great 
because of the character of the soil. Two weirs were put in 
place and instruments were put in place at the side of the 
ditch, with floats so arranged that as the water rose or 
fella pen rose. or fell on the paper correspondingly. Dhe 
clockworks would run a week without rewinding. At the 
end of each week the instruments were visited, the clock re- 
wound, the papers changed, and check readings of the 
height of water over the weirs taken. 

After the instruments were in service it was found that 
about ten acres of ground was supplied from the lateral 
above the lower weir. The cases when water was drawn 
for this tract are eliminated from the table, but the condi- 
tions were not entirely satisfactory, and, as the funds to 
meet the small expense of removing the weir above this lat- 
eral were not available for the department at that time, the 
measurement was dropped. A ditch in the southern part 


*Salvador, Hydraulique Agricole. 2:42. 
} Herrisson, Les Irrigations de la Vallee du Po. p. 77. 
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of the state, 4o miles in length without an outlet, has been 
put at our service and records are to be made on it, giving, | 
it is hoped, information on a more extensive scale. 

The line and profile of the canal is shown in the figure. 


PROFILE. 


: i LATERAL OF RES. Ne2. 
5 oe NORTH POUDRE CANAL. 


LON REBW. . 


For the first mile the canal had a fall of 5.4 feet, in the 
second mile 4.8 feet, in the third mile 5.8 feet and in the last 
mile 34 feet. The reason for this rapid increase of grade 
is, that for the first three miles the ditch skirts the side 
of a divide, while a short distance after passing the third 
mile post it reaches the ridge of the divide and descends 
with the slope of the country which is quite abrupt. 

The soil through which the canal runs may be termed a 
heavy clay. Where the water is rapid, as during the last 
mile, the sides of the channel become smooth with the 
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action of.the water and comparatively little washing takes 
place. In the.course of years, however, the washing is suf- 
ficient to deepen. the channel-several feet below .the-sur- 
rounding country. As the,water comes from a:reservoir, it 
is clear except for the turbidity due to a slight amount of 
organic matter. The water retains its clearness for the 
greater length of the canal, but at the lower end contains 
some sediment from the scour of the channel. The soil is 
probably underlaid with sand and gravel at a depth of 8 or 
10 feet—true of most of the surrounding country—but no 
opportunity to test was afforded along this line. 

For the first three miles the seepage would be to the 
west; forthe remainder of the distance it might take place 
both to the right and left of the channel. Some seepage 
showed near the northeast corner of section 8 where an 
area of a few acres gave evidence of water-logging. Be- 
cause of the sand carried by the rapid fall at the lower end, 
the space in front of the lower weir is filled with sediment. 
This increases the discharge by increasing the velocity of 
approach. Near the lower end of the canal a small lateral 
irrigating about 1o acres of land conveyed water to the 
north. When water was running in this lateral notes were 
taken and this time was not taken into account. 


co) 


N 


“ApNOTO “Ty, Uley 

“Apnopo «Qaed “wed sur gy urey 
‘utd Apnoyo sp1Kg 

‘BHUB po}Binges WO UIB4) 
‘we'd ut Apnoyo pared + urey 
“utd ur Apnoyo Ayqaeg 

“ud Apono[tp 

“ApNoTO “ut cy" Urey 

“Aup T[R Apnoypo ApV1eg 

‘urd ar Apnojo ApaRg 


se 


‘Apnoyo A[qaved'y,,, 

‘Apaoyo &[y18d UL oT’, 

“ul'v gde3s8 ApnoypoO Apjavd yy, 
“WB TT 401Z8 ApNolo * y, urey 


‘sup Te 4[489U eurysung 
“Apooly 1oy},By 


“Sup JO ysour ourysang 

“Apno[o 1ey)BYy 

“ep [Te 

“ep Jo your 
“Aup [[e@ A[re0u a 
“ABp [1B ” 

“Ap [[B A[1e0u eurysung 


ee} ” 


” 


” 


” ” ” 
” ” ” 
*ABp |] 8 oUTYysaNg 
“sep [[8 A[1BeU OUL jsuny 
“ABp [[B ourysang 
“utd § Of oulysang 


LOSSES FROM CANALS BY SEEPAGE 


WHHLVAM NO SALON 


“69T 
Gi 
FHL 
99T 
6ST 
OoT 
Ts 
Oat 
Ter 
821 
96T 


8ST 
S&T 
89T 
$hl 


OBT 
S61 
SFT 
th 
LeI 


VT 
BIG 
LG@ 
PT 
986 
G82 
SUT 
LOT 
S91 
GST 
RET 
SOT 


“Aud 
dod se,un 


‘eBIT[OD 
Pe eRUrAN 


‘DNOT SUTIN F‘HOLIG NO 8GYOOUN SNOANTINOO WOM ITA @Tavai 


ee T's9 
668 0°89 
66S Pf STL 
F068 S69 
668 9° L9 
“L8 8°19 
Ls L'99 
“LL 9°89 
“6L $89 
“68 O'FL 
“06 QTL 
“OR 2&9 
“hb 89 
“08 9° F9 
“18 6°98 
&8 L999 
SL @ S9 
“G6 TOL 
“88 L'L9 
bs q°L9 
"88 0°89 
& 08 T'F9 
T16 8 PL 
8°06 9° L9 
¥ L8 Lyk 
8°26 8°89 
0 #6 0'@L 
L886 OTL 
6°06 L389 
@'GR G'¥9 
818 489 
0°08 0°69 
“rey ‘OTRIOAY 


‘edIT[O,) 4B 


einje1ed Way, ITW 
a ee ee ee ee 


ued 
8T 
OF 
09 
68° 
P9'T 
8L'T 


FO" 
SF 
GF 
96" 


ra 
OL’ 
rS'T 
98° 
OF" 
86° 
OFT 
GL 
98" 
88'T 
8st 
P9'T 
98°T 
ioe 
§8° 
LT’ 


Ito 


Sis 6VPT 
SL°G G8°S 
oo & S&F 
6h T 61% 
LLS bre 
6673 819 
GL’G &I'9 
gq'g S19 
corg tF'9 
TOF bY°g 
LL’0 GG'e 
90°% Ors 
Ta'& GL'S 
08'S CLs 
Lys SL’S 


£9" 

ITT 
T8'T 
es T 
8L'$ 
G6 °S 
96°9 
or F 
6's 
eh 
60'9 06'9 
ia) 618 
16°9 LL’8 
1a°¢ ¢9°9 
6L°8 TS’ p 
48°S t0'F 
Te F oh 


“qyc-no 
‘00g 


c8'T 80°% CaP 
a's CaF OFF 
GE'S OFF 06°F 
0 0 6a°9 
gc'¢ #9°¢ 8o°y 
gg'g $L'¢ 68° L 
ggg BLY 62°9 
ggg LL°9 GOL 
66°38 tlt Pred 
66°S 66'S 6L'F 
stearate OSROS ere z's 
90'S L's 62'S GL 
1's ols GP's GL’S 
Bee 6L's 698 $8°& 
Ie SB 8¢ SUT 
; ol OL’ L¥T 
re LPT cB" SLT 
8° SLT ao O06 'T 
69 T 06'T 62°F Rag 
bar 86° ¢ LG’G 299 
98 + Lo’f Log OL L 
Ors LIF OS °F LYF 
188 Lot 6LF §8°G 
6L Tt $8" $T'9 nF L 
69'S LPS Lg'9 LOL 
L8'9 89°L LL'9 6o'8 
LL’9 G8 STL Gh'R 
PLS SPF 8T°L C6B'8 
FL'8 IG'f OL Fr GLY 
StF |. Sit LVP CLF 
Olt Slt LOF CLF 
“TOMO “todd () “MOMOTT | ‘Teddy 
“ATOM JOAQ, “ITO AA LOAO 
MOT WOULOT yy MOTH WIN UITXR WY 


S80] 


aod 


“AW 


“LOMOTT 


“redd q 


“IIOMA 1OAO 
‘00g Jod MOTA “AY 


24 LOSSES FROM CANALS BY SEEPAGE. : 


The average loss amounts to .80 cu. ft. per sec. As the 
amount turned into the ditch averaged 4.49 cu. ft. per sec. 
the loss amounted to 18 per cent. on this basis, or 22 per 
cent. by taking the average of the losses by days. 

As the surface of the water of the canal was about three 
acres in area, this amount of loss corresponds to a depth of 
slightly over 6 inches per day. 

The variations in the loss on different days is noticea- 
ble. A part of the difference is due to the fact that a fluctu- 
ation in the amount of water in the canal does not affect 
the lower weir until a couple of hours after the upper weir 
has been affected, and as the civil day was used with both 
weirs, some discrepancy is due to this fact. The days when 
the changes were noticeable were excluded from the table 
though the effect is not thereby entirely elminated from the 
individual day’s record. 

The days when water was used through the smail late- 
ral above the lower weir could easily be detected by com- 
parison of the records at the two weirs, and are likewise ex- 
cluded from the table. 

Showers affected the record to some extent in 1894, 
and while the amount of rain entering the canal is unknown, 
there is reason to suppose that its effect caused the apparent 
losses to be less thanin 1893, whose record for the time re- 
ported was free from such disturbance. 


RECAPITULATION OF CASES OF LOSS. 
Pleasant Valleycand Lake Canale [oss of11.46 
sec.-ft. in 23 miles, after being increased 


by over 8 ft. gain. Depth. 
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GAINS FOUND IN CANALS. 


In many cases the canals serve as drainage ditches and 
are found to gain in volume instead of loss. Several ex- 
amples may be noticed in the tables, as the Empire canal, 
the North Farm lateral for a portion of its length, the Prai- 
rie Ditch, the Pleasant Valley and Lake canal, etc. It is 
frequently noticed that some canals have water even when 
their supply from the river is shut off. This is often found 
to be true with the ditches in river bottoms, originally built 
to take water from the river, but which, with the irrigation 
of the upper lands, have now become practically drainage 
ditches. Every old irrigated valley in the state has such in- 
stances. 

In the case of the Hottel mill race at Fort Collins, not 
elsewhere mentioned, which was measured in the fall of 
1897, a gain of over 4 sec. ft. was found ina distance of two 
miles. 

The gains are manifestly more likely to be found in 
deep canals than inthe shallow laterals. 


VARIATION Ger LOSS WITH DEPT EH. 


The amount of seepage increases with the depth of 
water inthe channel. ‘This is principally from theoretical 
considerations, but has observational confirmation. The 
exact relation must depend on the relative losses through 
the banks and through the bottom or on the relative width 
and depth of the channel. As the soil is rarely uniform for 
any considerable distance, the results from theoretical con- 
siderations can only be a guide as to what to expect. When 
the loss is solely through the banks there is reason for think- 
ing it may vary nearly as the cube root of the square of the 
depth, that is, on doubling the depth, the loss would be 
nearly three times as much; on quadrupling the depth the 
loss would be nearly eight times as much. 

Some interesting observations by J. C. Trautwine, Jr., 
Chief of the Bureau of Water of Philadelphia, are given in 


26 LOSSES FROM CANALS BY SEEPAGE. 


Bulletin 45, on Losses from Reservoirs, page 12. It was 
found when the water was 20 ft. deep, the loss amounted to 
.15 inches per day; when 25 feet to .24 inches; when 30 {t. to 
.46 inches, but on lowering the water it was found that the 
loss did not become as small as the same depth before the 
reservoir had been filled. The loss at 20 ft:, after the reser- 
voir had been full, remained at .28 inches instead of reduc- 
ing to .15 inches observed before. 

Some observations. by Keelhoff on small ditches have 
already been mentioned. In these more loss was found 
when the water was 10 inches deep than when 2 inches deep. 

In the case of the North Farm Lateral, where two 
measurements were made with different amounts of water 
in the canal, a greater depth of loss is shown with the larger 
head. The depth of loss averages .8 with the head of 200 
sec.-ft., and..4 ft, witha head of 90 ‘sec.-ft. 

By arranging the losses according to the amount of 
water in the canal, we find that the observations given in 
table VI show clearly that the smaller the amount of water 
the less is the depth of loss, though the greater the per cent. 
the loss is to the amount in the ditch. 

Omitting the days on which the water had dropped, in 
which cases the water returning from the saturated banks 
reduces the apparent loss, and likewise leaving out of ac- 
count those days in 1894 on which doubt is cast by showers, 
the following table is obtained: 


Amount of Water. No. Cases Taken. Loss in Carriage. Loss in Depth. 
in Diteb. per Cent. Inches. 
0 to 2 sec. ft. 4 50 4.5 
2 to 4 estimated 26 6.3 
4 to 6 6 4 7.5 
6 to 9 6 17 8.5 


THE EFFECT OF TEMPERATURE ON LOSSES. 

It is undoubtedly true that the amount of seepage will 
be affected by the temperature of the water, and though the 
temperature was always taken, no attempt is made to allow 
for the temperature in the present report. The effect of 
temperature is evident in the increased flow into streams as 
shown in Bulletin 33, in drains, and it causes a correspond- 
ing effect on the loss from canals. 

Using the equation representing the effect of tempera- 
ture on the velocity of flow as given in bulletin 33, p. 46, 
and considering the amount of seepage at freezing tempera- 
ture as unity, the loss at other temperatures may be ex- 
pected to be approximately as the following amounts:* 


* Note in Engineering News, by L. G. Carpenter, 39:422. Also note 40:26, 


July 14, 1898, by Allen Hazen, giving practically same ratios from his own meas. 
urements. 
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Temp., F. Velocity. Temp., FB, Velocity. 
32° 1.000 he ase Le ec aks 1,860 
BOBS SS hyd eas 1.195 BGs cneaak eur ase ae 2.109 
Darcey sitcray coe rere 1.403 Qa tania caetoehate, acattes 2.372 
GDrer se 5 SSR ee 2.109 OZR rere eee See: 2:649 


In warm weather the loss is therefore greater than in 
cold, and the loss at 80° temperature of the water would be 
twice as much as if it was at freezing temperatuve; or the 
loss at 70° would be about one-third more than at 50°. 


LESSENING SEEPAGE; 


Of the conditions affecting seepage, the one which can 
most readily be controlled, and in fact the only one, is the 
character of the cana] bottom or the bottom and sides. No 
soil is absolutely water-tight, but there is:a great difference 
between the perviousness of the different soils, which range 
through all degrees of clay to sand and gravel. Clay of the 
quality known as adobe, essentially a clay from which all 
vegetable matter has been extracted by action of alkaline 
carbonates, is well known to be nearly water-tight. 

A layer of fine material, as of fine silt, makes the pass- 
age of water so much more slow and difficult, that its effect 
is well known and is shown in a number of cases in the 
measurements reported in this bulletin. Even water that is 
apparently clear contains enough matter to lessen the rate 
of filtering in a few weeks time in the large filters for city 
water supplies. 

The silt carried by canal waters is sufficient to greatly 
lessen, and in many cases to practically stop the seepage, 
but to do this the velocity of the water must be slow enough 
to permit the silt to be deposited. 

A constant current tends to prevent the settlement of 
sediment. If the current is swift enough to erode the bed 
then not only is the sediment kept from dropping and filling 
the pores, but the’surface is swept and the losses will re- 
main large. 

Hence defective alignment of the canal, too sharp 
curves causing the current to strike and erode the banks, 
are conducive to losses. Some canals have found it desira- 
ble to straighten the line of their canal to lessen the troubles 
of maintenance, and in so doing have also lessened the loss 
from seepage. 

Any way in which the canal may be silted up, or be per- 
mitted to form a layer of silt, thin though it be, will tend to 
lessen the seepage. 

Hence checks which some canals have found it neces- 
sary to construct for water distribution, cause slack water 
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and thus permit the deposit of silt. There are many places 
where the effect has been immediately shown. The water- 
soaked lands become dryer and land which had been im- 
passable became dry enough for passage and cultivation. 
So as silting lessens the seepage, on the other hand the re- 
removal of the silt coating may cause the leakage to be as 
great as ever. 


A case in point is the Greeley canal No. 3, as mentioned 
in Bulletin 33, pp. 49-50. When first built considerable 
damage was done from the rising of the ground waters and 
flooding of cellars in some parts of the town. After a few 
years the cause of complaint disappeared, silt having filled 
the bottom of the canal. In 1895 sand was obtained for 
building purposes from the bottom of the ditch at the cross- 
ing ofa ravine. Thetop layers of the ditch bottom were 
found to be partially cemented. Within a few months after 
water was again turned into the ditch complaint arose re- 
garding the influx of water in the town cellars. When 
water was turned out of the canal, the water in the cellars 
began to go down within ten days and in three weeks had 
fallen 6 inches, and in two months 18 inches. A measure- 
ment made above and below the suspected point showed a 
loss of 5.06 sec. ft. in a distance of 760 feet, or equivalent to 
a depth of 30 feet per 24 hours over the surface covered by 
the canal. 

A drain sewer had been built by the City of Greeley to 
drain the region below this part of the town. It was stopped 
up at the time of the measurement, but v. hile thus failing to 
remove the water, the loss from the canal was excessive as 
shown by comparison with the losses from other canals. 
The damage led to requests from the people in that part of 
town to correct the defects in the ditch. The city feared 
that an attempt to remedy the condition would be a confes- 
sion that it was to blame. In 1896 a team worked for part 
of a day in hauling in clay and puddling this section of the 
canal, and the complaint in 1896 and 1897 was small.* 

In the case of the Fort Morgan canal, given in table 5, 
there is an opportunity to compare the losses from a chan- 
nel when freshly used, and after having been used for a 
year, silt presumably having settled. 

In 1895, at the time of measurement, water had been 
turned into a new section two miles long for a couple of 
weeks. The loss was found to be 11.48 cu. ft. per second. 


* July 20, 1893, this portion was again measured and loss still is a depth of 
over 18 feet daily. 
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Almost a year later the same section gave a loss only one- 
half as much, the change being ascribed to the silting which 
had taken place in the meantime. 

The use of sediment is the most practicable method of 
reducing the loss from seepage. In California both the 
main ditches and the laterals are often cemented, as they 
are in Mexico. Their canals are much smaller than the 
canals in Colorado, the value of water is much greater, and 
hence the amount which could be expended for the saving 
of water would be greater than could be profitably expended 
under Colorado conditions. 


On some California canals the channels have been lined 
by cemeating directly on the earth. This would not be pos- 
sible to do successfully under the colder winters of Colorado. 

Under some conditions, as where water is exceptionably 
valuable, it may become profitable to go to considerable ex- 
pense to save the loss from seepage; to pave the sides or 
bottom if necessary, to concrete the canal through in our 
climate thisis not likely to be satisfactory, or to pipe the 
ditch. 

Evidently the question returns to the value of water 
and the amount of loss. The commercial value of a cubic 
foot per second of water is not less than $500 in any place 
in the state, and in few places would it be considered as 
high as $3,000. This is the nominal second-foot which 
actually is not constant in flow. Under farming conditions 
$1,200 would probably represent the average value. The 
annual value may be considered as not less than $50. To 
the farmer using the water its productive value is far more; 
or the individual who uses the water can profitably expend 
more than any one else. 

The farmer who could thus save as much as 2 cubic feet 
per second could afford to expend $100 per year if neces- 
sary for that purpose. But until fully convinced of the eff- 
cacy of methods of saving water, few would care to risk so 
much. 

In many cases the losses are excessive. Under fair con- 
ditions they be as much as two feet per day. 

The losses vary with the different formations through 
which the canal passes, or the different character of the soil. 
Porous gravels are notoriously leaky, while the clayey soils, 
or gravel with a suitable admixture of finer material and 
clay, may hold water satisfactorily. In some cases the sec- 
tion of the channel can be enlarged at the leaky place and 
filled with finer material, or silt allowed to settle, for in most 
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cases a thin layer is sufficient to check the leakage very 
much. 


LOSSES AT DIFFERENT FORMATIONS. 


The effect of different strata is shown in the measure- 
ments of the seepage increase of streams. Inthe case of 
the Cache a la Poudre there are several] stretches in which, 
notwithstanding the large gains in the river as a whole, 
there is an apparent loss of water. 

Inthe Rio Grande river in Colorado marked losses 
were found for a portion of its length in the San Luis val- 
ley, amounting to 75 cu. ft. per second in a distance of 15 
miles. The loss was noticed in 1896 and verified in 1897. 

Similarly in the case of the Arkansas river, a loss is 
found in several places, but of less amount than found in 
the Rio Grande. 


EFFECT OF PREVIOUS CONDITION ON LOSS. 


The previous conditions of the bed of the canal, or 
stream, will materially affect the loss experienced in the 
canal or river bed. If the bed has been dry and has become 
heated as well, the amount of water which is absorbed by 
the bed when water is turned into the canal, is surprising to 
one who is not acquainted with the peculiarities of the flow 
of water under such conditions. The layer of dry soil ab- 
sorbs the water with avidity. It will take up about one-third 
of its volume of water, and the amount of water thus ab- 
sorbed is in addition to the amount which is flowing through 
the soil under steady conditions. The effect is to greatly 
increase the time required to send water through a ditch 
after having been dry, and on the longer ditches days may 
be taken to send water through the ditch, while when al- 
ready soaked up a very slight change at the headgate is 
quickly felt throughout the length of the canal. It is be- 
cause of the loss from this source that the attempts to runa 
moderate amount of water through streams with sandy beds 
have not been successful. 


On the other hand, with falling water, a considerable 
amount of saturated soil is exposed. Water oozes from the 
banks and the supply thus received retards the fall of water. 
Sometimes when the banks are gravel, the outflow appears 
in streams and is so rapid and abundant that it may cause a 
slipping of the bank. Experienced canal men have a well 
founded objection to lowering water suddenly and consider- 
ably and though some, mistakenly, think that the pressure 
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of the water holds the gravel in place, the effect observed 
is a real one. 

In consequence a canal with rising water will have more 
and with falling water less than the normal loss, or more 
than the normal gain. This is shown in numerous cases 
with the records on the North Poudre canal. The length 
of time during which this will affect the conditions depends 
on the area and extent of the gravel beds near the channel. 
The principal effect passes off in a short time, for as the line 
of saturated soil becomes further removed from the chan- 
nel, the movement of water is much more slow. 

One consequence often realized in practice is that if 
water is to be run through a long canal, the division can be 
made better and fairer if the water is run completely 
through the canal before opening the lateral gates. The 
whole of a small stream of water may be required to satisfy 
the thirsty sand. A large stream may accomplish the same 
purpose in a shorter time and with less loss. Hence often 
it is better to use the whole stream if necessary to wet the 
bottom of the canal for its whole length, before beginning 
the division of water, and if the canal is run in sections, to 
begin the distribution at the lower end of the canal is the 
better way. Ifasmall stream only is used, nearly all may 
be taken to wet up the channel and leave little for the lower 
users. 

CONCLUSIONS. 


1. The losses from evaporation are relatively insignifi- 
cant compared with the seepage losses from most canals. In 
the cases most favorable to evaporation and least favorable 
to seepage the evaporation is not over 15 per cent. of the 
seepage. 

2. Inthe case of reservoirs it was concluded in bulletin 
45 that the seepage was less important than the evaporation. 
This is different from the results found in ditches, not be- 
cause the evaporation is less, but because the seepage is 
much more. 

3. The losses are sometimes enough to cover the whole 
canal 20 feet deep per day. 

4. The loss in clay soils is less than in sandy or gravelly 
soils, but rarely as small as 3 inches daily. 

. The loss is greater when water is first turned in 
than after the bed has become saturated. 

6. Sometimes the canals are found to gain for the 
whole or part of their length, or the canals may act as 
drains. This is more likely to be the case when the canal 
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is deep in the ground, when crossing lines of drainage, or 
when located below other ditches or irrigated tracts. 

7. Inthe prevailing Colorado soil, when not intercept- 
ing seepage, the loss may be put provisionally at from 1 to 2 
feet per day over the whole surface of the canal. In clay 
soils it is less, but still nearly one-half as much. 

8. The loss in carrying water in small quantities, is 
relatively larger than in carrying large amounts. The in- 
creased depth of water means increased leakage, but the 
carrying capacity increases faster than the leakage. 

8a. From the standpoint of economy, it is wasteful 
to run a small head. It is more economical to run a 
large head fora short time. In the management of small 
ditches the time system of distribution can be introduced to 
advantage, saving time and labor as well as water. 

9. It is wasteful to use two ditches or laterals when one 
would serve. 

10. The loss increases with higher temperature, being 
about twice as much at 80° as at 32. 

t1. The loss increases with greater depth of water, but 
the exact relation needs further investigation. 

12, The loss will be lessened by any process which 
forms or tends to form an impervious lining or coating of 
fine material, as of clay or silt. The silt, consisting of fine 
sand, improves many soils. Clay is better and especially 
limy clay, the lime with the clay forming an almost imper- 
vious coating, 

13. Cement linings as used in California and Mexico 
are not warranted by the conditions in Colorado, nor would 
the weather conditions be favorable. Noris the use of 
wooden stave piping for this purpose likely to be profitable 
in many places in the State, if at all on the larger canals 
at present. The silting process applied with discrimination 
will accomplish much at smaller cost. 

14. Onsmall laterals glazed sewer pipes may save an- 
noyance often connected with the carrying of water in late- 
rals for considerable distances, which, with the saving of 
water, may make its use an object. One of the supply late- 
rals of the Colorado Agricultural College is of vitrified 
sewer pipe, over 4,000 feet of 12-inch pipe being used. 

15. Some particular sections in canals are subject to 
much greater loss than the canal as a whole. Hence 
water can be saved by locating the leaky place and reme- 
dying it. This may be desirable to do while it would be 
unprofitable to treat the whole canal. 

16. There are many places where it would be advan- 
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tageous to combine two ditches, by this means saving not 
only the loss of water, but saving superintendence and main- 
tenance charges. With increased confidence in the accu- 
racy of water measurement, reluctance to such consolida- 
tions should lessen. 

17. The depth of losses from laterals is probably 
greater than in the main ditches. The lateralsare less per- 
manent, are steeper, have less silt, and are more poorly 
cared for. 

18. There must be some arrangement of ditches and 
laterals which is the most economical for given conditions, 
so that the aggregate of the losses of the whole system will 
be a minimum. Certainly the location and arrangement of 
the laterals for carrying water from the main ditch is worthy 
of consideration by the management of the main canal and 
the importance increases with the size of the canal and the 
width of the strip it serves. 

1g. Itis not to be understood that the whole of the 
loss from the ditches is lost to the public wealth of the State. 
Some, perhaps much, of the loss, may re-appear as seepage 
in lower ditches or in the main stream and again be used. 
It is, however, lost to the particular ditch and incidentally is 
destructive to much land. With all practicable methods of 
prevention, there will still be abundant loss. Itshould be to 
the advantage of the individual ditch to prevent such loss 
as far as practicable. 

20. A general statement of the total amount of loss of 
water must be made and accepted with reservation. It 
would appear that in the main canals from 15 per cent. to 40 
per cent is lost, and in the laterals as much more. It would 
thus appear that not much over one-half, certainly not over 
two-thirds of the water taken from the stream, reaches the 
fields. Inthe most favorable aspect, the loss is great, and 
is relatively greatest when the loss can be least afforded, 
viz.: when the water is low and the ditches are running 
with reduced heads. 

21. There are some 2,000,000 acres of land irrigated in 
Colorado and the value of the water rights at a low esti- 
mate is as much as $30,000,000. (The census estimates the 
water rights as worth $28.46 per acre.) On this basis, the 
capital value of the water lost by seepage in the canals and 
ditches may be put at from six to ten millions of dollars. 
From the evidence at hand at present this seems a low es- 
timate. 
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PUBLICATIONS OF THE SECTION OF ‘METEOROLOGY 
AND IRRIGATION -—ENGINEERING. 


BULLETINS, 


No. 13—On the Measurement and Division of Water. Oct., 1890, 46 pp. 

Some principles applicable to dividing water. Conditions to be met by 

modules. Descriptions of weirs and their conditions for accurate use; 

first English description of the Cippoletti trapezoidal weir. Tables for 

the rectangular and trapezoidai weirs, with and without contractions. 
Second edition July 1891. Editions exhausted. 

No. 16—Artesian Wells and Their Relation to Irrigation. 1892, 28 pp. 

Including maps showing the Denver and the San Luis basins, and indi- 
cating the probable limits of the latter, closely contirmed by the wells 
since sunk. 

Edition exhausted. 

No. 22—Preliminary Report on the Duty of Water. 1892, 32 pp. 

Giving several years measurements on the amount of water used on 
crops of alfalfa, wheat, oats, native hay, and on canals irrigating many 
thousand acres, all in the Cache ala Poudre valley, with some discus- 
sion on the absurdly high dutiessometimes reported, and on the ultimate 
duty of water. 

Euition exhausted. 

No. 27—On the Measurement and Division of Water. 1895, 42 pp. 
Revised edition of No. 18, with additional matter, especially new tables 
computed for weirs of unit length and for depths measured in inches. 
Also tables for correcting for velocity of approach, so as to render the 
tables applicable to cases where the space in front of the weir becomes 
silted up. 

Edition exhausted. 
The tables have been reprinted in Report of the Colorado State En- 
gineer for 1895-6. 

No. 33—Seepage or Return Waters from Irrigation. Jan. 1896, 63 pp. 

Reporting measurements in detail on the Poudre river and on the Platte 

river made to determine the increase in those streams from return waters 

from irrigation. Discusses the origin of that increase and the connec- 

tion with the area irrigated and the amount of water applied in irriga- 

tion. Shows connection between the amount and the temperature, etc. 
Copies still to be had on application. 

No. 45 —Losses from Reservoirs by Seepage and Evaporation. May, 1898, 32 pp. 
Eleven years observations of evaporation at Fort Collins. and several 
years observations on floating tanks. Two winters observations on losses 
from seepage. Some discussion of economy of storage at high altitudes. 

No. 48—On the Losses from Canals from Filtration or Seepage. 


Annual Reports Forming Part of the Annual Reports of the 
Agricultural Experiment Station. 


1888—First Annual Report of the Agricultural Experiment Station, 250 pp. C. 
L. Ingersoll director. 
Report of Meteorologist and Irrigation Engineer, 70 pp. 
Description with illustrations of instruments. 
Meteorological observations in detail. 
Table of observed sunshine by days and comparison with New York. 
eat of soil temperatures. 
‘Lables reprinted in Report of Secretary State Horticultural Society. 1889. 
1889 —Second Annual Report of the Agricultural Experiment Station 30, 96 
pp. CL. Ingersoll, director. ; 
Report of Meteorologist and Irrigation Wngineer, 28 pp. 
Table of extent of irrigated area in Colorado. 
Monthly precipitation for several yearsand at various co-operating stations 
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‘Daily range of temperature. 
Tables of amount of shnshine observed at Hort Collins, Rocky Ford and 
Del Norte. 
Observed and computed-evaporation from water surface. 
Weekly means of soil temperatures at several places. 
1890—Third Annual Report of the Agricuitural Experiment Station, 228 pp. C. 
L. Ingersoll, director. 
Report of the Meteorologist and Irrigation Engineer, 100 pp. 
Table showing maximum and minimum fows of a number of streams for 
1888 and 1890. 
Table of the daily flow of the Cache a la Poudre, 
Estimated amount required by months. 
Notes on the duty of water. 
Depths taken by the No. 2 canal. 
[rrigation statistics, 1890. 
Acres covered by ditch. 
Mileage of canais. : 
Cost of irrigation works. 
Irrigation bibliography, 10 pp. 
Meteorological tables: Precipitation. 
Daily dew point and relative humidity by days. 
Evaporation, summary of results. 
Evaporation at Del Norte. 
Evaporation on a reservoir. 
Sunshine by months at three stations, compared with New York. 
Sunshine, forenoons and afternoons. 
Sunshine for days, by sunrise to 9 a. m.; 9 to 12; 12 to 3; 3 to sunset, 
Sunrise by days throughout the year, three stations. 
Actinometer readings, 1890, 
Daily temperatures, 7 a. m to 7 p. m., max., min., throughout the year. 
Table of range, daily, throughout the year. 
Table average and greatest range by months. 
Weekly soil temperatures, depths from 3'’ to 6 ft., three locations. 
Table of extremes. 
Daily mean barometer. 
Ancua!l summaries at Agricultural College, De] Norte, Rocky Ford. 


1891—Fourth Annual Report of the Agricultural Experiment Station, 130 pp. 
W. J. Quick, director. 
Reports of the Meteorologist and Irrigation Engineer, 69 pp. 
Tables of precipitation for 15 years at Fort Collins, at 19 co-operating sta- 
tions. 
Change of precipitation due to elevation. 
Dew point and relative humidity, 1891. 
Return or seepage waters. 
Evaporation, comparison of computed and observed. 
Average daily evaporation. 
Comparative evaporation at three stations. 
Notes on duty of water. on actinometry. 
Sunshine tables as in 1890. 
Weekly means of soil temperatures. 
Air temperatures by days. 
Terrestrial radiation by days. 
Average barometer by days. ’ 
Comparative tables observations at Fort Coilins and Manhattan, 3,000 ft. 
higher. 
Fees? summaries, Fort Collins, Monument, Rocky Ford, Manhattan. 
1892—Fifth Annual Report of the Agricultural Experiment Station, 68 pp. 
W. J. Quick, director. ; 
Report of the Meteorologist and Irrigation Engineer. 6 pp. 
1893—Sixth Annual Report of the Agricultural Experiment Station, 84 pp. 
Alston Ellis, director. 
Report of the Meteorologist and Irrigation Engineer. 7 pp. 
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1894—-Seventh Annual Report of the Agricultural Experiment Station. 112 pp. 
Alston Ellis, director. 
Report of the Meteorologist and Irrigation Engineer. 6 pp. 
1895—Highth Annual Report of the Agricultural Experiment Station. 64 pp. 
Alston Ellis, director. 
Report of the Meteorologist and Irrigation Engineer. 7p 
1896—Ninth Annual Report ‘of. the Agricultural icperinent: Sten 113 pp. 
Alston Wllis, director. 
Report of the Meteorolozist and Irrigation Engineer. 5 pp 
1897—Tenth Annual Report of the Agricultural Experiment Station. 110 pp. 
Alston Ellis, director. 
Report of the Meteorologist and Irrigation Engineer, 24 pp. 
Disceasone operations of the year, results and investigations desirable 
to make. 
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METEOROLOGY OF 1897. 


With Llustrative Diagrams and Descriptions of 
Instruments. 


BY. G CARPENTER AND R:. E. TRIMBIER, 


is-A table of contents is to be found at the back. 


$1. The following bulletin gives the principal, though 
not all of the meteorological observations made at the Agri- 
cultural Experiment Station during 1897. 

$2. The peculiarities oftheclimate are such, that while 
its vagaries give less cause for comment in Colorado than 
in a more moist climate, nevertheless the general character- 
istics are well worthy of understanding, and necessary, 
indeed, for one whose operations may be affected thereby. 
In general, facts given in tables are not easily apparent, 
hence the following tables have been retained until they 
could be accompanied by the diagrams here given. The 
tables with the diagrams, it is hoped, will show the course 
of the changes and reveal the general characteristics of the 
climate, and be more useful than asa mere record of the 
year. 

$3. The great variation in altitude inthestate, ranging 
from less than 4,000 feet at the eastern border to over 14,000 
feet at the summit of numerous peaks, causes a change in 
climate greater than between New Orleans and Winnipeg, 
and while Colorado east of the mountains has a mean tem- 
perature the same as New York, the temperature of the 
high peaks is lower than that of Spitzbergen. Therefore, 
when we speak of the climate of Colorado we have great 
differences to consider. Still, cultivated and irrigated Colo- . 
rado is of relatively small range in elevation, and fortun- 
ately Fort Collins is as typical as any single place 
which could be selected. disk 

§4. Among the general characteristics of Colorado are: 

The small rainfall—from one-half to one-third of that 
east of the Mississippi. ~ 

The dryness, indicated by the low relative humidity, 
promoting rapid evaporation, and causing an absence of 
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sensible perspiration as a rule, and less oppression than 
accompany the same temperatures in a more moist region. 

Greater range of temperature. 

A large percentage of sunshine, of great intensity, 
which, as well as the great range, is a consequence of the 
great dryness and rarity of the air. 

One of the marked features is the presence of warm 
westerly winds known as Chinooks, a type present in moun- 
tainous countries under various names. While cold waves 
are not absent, the intensity is less than in the Mississippi 
Valley states. The conditions which result in blizzards of 
great intensity in the states, cause westerly winds with us, 
and some of the most pleasant weather of winter. 


DESCRIPTION OF THE STATIONS. 


$5. The Agricultural. Experiment Station, at Fort Col- 
lins, is located at the base of the Rocky mountains about 
four miles from the foot hills, beyond which the mountains 
rise to the summit of the range, fifty miles westward. It is 
located about one mile south of the Cache a la Poudre river, 
and about forty feet higher, on the bench lands which are 
supplied with water for irrigation from this same stream. 
The college is in the midst of an irrigated area, which 
extends about three miles farther west, while both east 
and.south there is no unirrigated land fon “a. number 
of miles. The nearness of the mountains affects the 
climate in the amount and character of the clouds, in the 
temperature, in the precipitation, and in the direction and 
character of the winds. 

The elevation of the office barometer, which is ten feet 
above the ground, is 4.992 feet as found by connecting with 
the levels ofthe U.P. D.& G. R..R. The latitude of the 
college is 40° 34’; its longitude, 105° 6’ west of Greenwich. 

$6. The station at Cheyenne Wells which has been 
termed, perhaps unfortunately, the Rain Belt station, is on 
the Great plains, on the Kansas Pacific Railway (Union 
Pacific), near the eastern border of the state. It is a point 
where wells were sunk to a great depth to procure water. 
The elevation above the sea level is 4,278* feet. Its lati- 
tude 38° 50’, and longitude 102° 20’. The station is nearly 
one-third of the distance between the Arkansas river on the 


* Preliminary unpublished results of the trans conti. ental levels of the 
U.S. Coast Survey. 
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south and the Platte on the north, and it has the character- 
istic climate of the Great Plains. Mr. J. E. Payne has been 
the Superintendent and observer. The reductions have 
been made at the home station. 

$7. The Arkansas Valley Experiment Station at Rocky 
Ford, is located on the south side of the Arkansas river, 
about 50 miles east of Pueblo and 240 miles from the central 
station at Fort Collins. This station is in the irrigated 
strip along the Arkansas, with uncultivated range extending 
south to the state line, and north to the Platte. The obser- 
vations during the year have been interrupted by a change 
in the management of the station. Mr. P. K. Blinn severed 
his connection with the station the first of May, and Mr. W. 
F. Crowley took up the work the first of August. Observa- 
tions have been carried on at this station since 1890, and 
most of the time continuously. The latitude of the station 
is 38° 3’, and the longitude 103° 45’, and the elevation above 
the sea level 4160 feet. 


DESCRIPTION OF THE INSTRUMENTS. 


$8. The standard for testing the thermometers is the 
Normal Standard Thermometer of Green, No. 5483. Be- 
sides the special care taken by Green in its manufacture, 
this was tested at the Yale Thermometric Bureau, and sub- 
sequently at the U.S. Weather Bureau. The results not 
agreeing, it was afterwards sent to Professor W. A. Rogers 
of Colby University, who made a careful study of its pecul- 
iarities. All thermometers are tested at the freezing point, 
and those used for continuous observations are tested in 
comparison with 5483. 

So. The maximum and minimum thermometers are 
shown in Figure 1. The maximum thermometer ts of the 


(Fig. 1.) 


Green pattern, in which there is a constriction in the tube 
just above the bulb. When the temperature rises, the 
mercury is forced past the constriction, but if the tempera- 
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ture falls, the constriction prevents the passage of the col- 
umn of mercury, and the upper end of the column indicates 
the highest temperature since the last setting of the instru- 
ment. The minimum thermometer is the ordinars’ spirit 
thermometer with a sliding index in the tube. As the 
temperature lowers and the column shrinks, the index is 
pulled along by the surface of the liquid. When the tem- 
perature rises, the liquid flows past the index without carry- 
ing it along, and the upper end of the index thus indicates 
the lowest temperature since the previous observation, 


WET AND DRY BULB THEMOMETERS OR PSYCHROM- 
Emeine 


Sio. Fora portion of the time 
the ordinary pattern of stationary 
wet and dry bulb thermometers has 
been: ased?- “since 16s0mthemscine 
thermometers have been used. In 
both cases the set consists of two 
thermometers as near exactly alike 
as possible, one of which is observed 
with its bulb dry, and the other, 
which has its bulb covered with thin 
muslin, is moistened with water. 
The ordinary set of wet “and -dry 
bulb thermometers is fixed in posi- 
tion, and the moistening of the bulb 
is accomplished by candle wicking 
which connects with a little water in 
a small vessel. The evaporation 
from the muslin cools the bulb so 
that the thermometer indicates the 
temperature of evaporation, which 
depends upon the amount of moist- 
ure™ that. is contained im ‘the: air 
The air next the bulb tends to 
become saturated, in which case the evaporation proceeds 
less rapidly, and the wet bulb does not fall so low as it 
would if a brisk wind were blowing. Hence the stationary 
psychrometer, where the air is more or less stagnant, is not 
as accurate as the sling psychrometer, which is essentially 
the same instrument, but is swung in the open air to obtain 
complete ventilation. In this case, the bulb is covered with 
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thin muslin and water is applied before the observation. 
The stationary form of psychrometer is especially unsat- 
isfactory in freezing weather because it is difficult to obtain 
sufficiently rapid evaporation from the film of ice. 


THERMOGRAPH. 


Sir. Figure 3 
represents the type 
of thermograph 
which has been 
used since 1890. 
This has been 
found to be a very 
satisfactory instru- 
ment in most re- 
spects. i omisuea 
pattern made im 
Paris by the firm 
of Richara: Bross 
from whom we 
have obtained a 
number of our self- 
recording instru- 
ments. The ther- 
mometer consists 
of a metallic tube, 
shown at the right 
of the instrument, 
which is filled with 
alcohol or ether. 
One end of the 
tube is fastened, 
the other free. As 
the temperature 
changes,the expan- 
sion of the liquid 
changes the curva- 
ture of this tube, 
and the movement 
of the free end act- 
ing through a ser- 
Bee 8: ies of levers, causes 


a pen to rise or fall according as the temperature increases 
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or decreases. The pen records on a paper wound ona 
cylinder. The cylinder is caused to revolve once a week by 
clock work inside the cylinder, working through pinions at 
the base. The record of temperature by the instrument 
has been satisfactory, but the clock work in this and other 
similar instruments has not been a good time keeper. 


on 


mi 
he 


S12. This instrument, shown in Figure 4, is similar to 
the thermograph except that there are two thermometer 
bulbs instead of one, and two pens which record on the 
sheet. One of the bulbs gives the temperature of the air, 
while the other, covered with muslin moistened in water, 
records the temperature of evaporation. The two bulbs 
correspond to the wet and dry bulb thermometers of the 
ordinary psychrometer. To prevent interference with each 
other, the pen of the wet bulb is set about 10° lower than 
the other. The record of this instrument has been main- 
tainded since 1891. The record of the wet bulb thermom- 
eter isnot as satisfactory as that of the dry bulb, but 
affords an interesting indication of the changes in humidity 
between the regular periods of observation. Many times 
the changes which take place are sudden; sometimes cur- 
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rents of air pass, with very little change in the dew point. 
At other times the wet bulb thermometer will suddenly rise 
or fall, showing a marked change in the moisture conditions 
of the air without a corresponding change in temperature. 


he BAROMETLER: 


$13. The barometer which has been used wasmade by 
Green, and consists of a mercurial barometer with adjust- 
able cistern. The height of the mercurial column is meas- 
ured from the mercury in the cistern to the top of the 
mercurial column near the upper part of the tube. The 
mercury in: the cistern is always brought to the same 
height by a screw inthe bottom. The attached thermom- 
eter shows the temperature of the mercurial column. This 
is read at each observation, and as the mercury expands or 
contracts with change of temperature a correction is made 
to the readings of the instrument to allow for the expansion 
of the mercury, and also for the change in length of the 
brass scale at the side of the instrument. The heights 
given in the tables are the heights corrected for tempera- 
ture, or are the pressures of the barometer for a uniform 
teperature of 32°, but measured by a scale of correct length 
at a temperature of 62°. The station has two barometers 
of this type, one of which was in use at the sub-station in 
the San Luis Valley for some years, until, with a change in 
location of the station, the barometer was injured. 


BAROGRAPH. 
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S14. Figure 5 shows the self-recording barometer which 
has furnished records since 1887. This is one of the instru- 
ments of Richard Bros., of Paris It consists of a series, 
eight in number, of hollow corrugated disks, the lov.er one 
fastened to the base of the instrument, the upper one to a 
lever connected with a pen. As the pressure increases, 
these disks are pressed together, and when the pressure 
decreases, expand, and thus, through a series of levers 
cause the nen to rise or fall. The instrument as a whole is 
a very satisfactory one. ‘lhe instrument is supposed to be 
compensated for the effect of temperature by a little air 
left inside the disk. Asa matter of fact the correction for 
temperature is incomplete, and varying temperature affects 
the indication of the instrument. 


THE STATOSCOPE. 


$15. The statoscope is essentially a magnifying baro- 
graph on the same principle as the one already described. 
It consists of one large, hollow disk which is connected with 
the exterior air through a tube closed by a stop-cock. In 
using this instrument, the pressures inside and outside the 
disk are equalized by opening the stop-cock. After closing 
the stop-cock the inside pressure remains as it was, and if 
the pressure outside increases the disk is compressed; if it 
diminishes, then the elasticity of the box causes the sides to 
expand. The disk is connected with the pen by levers, so 
that the pen rises or falls correspondingly. With change in 
temperature the pressure of the air in the disk alters, and 
the pen will rise or fall whether the outside pressure 
changes or not. A rise in temperature of the inclosed air 
gives an increased pressure in the disk, having the same 
effect on the pen as a decrease in pressure of the surround- 
ing atmosphere. If the temperature lowers, then the inside 
pressure diminishes, or the effect on the instrument will be 
the same as an increase in the pressure of the outer atmos- 
phere, and the pen will rise. The clock work makes one 
revolution in 52 minutes. During settled weather, or when 
there is little wind, this instrument shows that the pressure 
of the air changes steadily but without sudden fluctuations. 
In the case of heavy winds the fluctuations are very violent, 
as are shown in the diagrams here given. 
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§16. On the diagram, Figure 6, the vertical scale indi- 
cates pressure, the horizontal scale, time. The heavier lines 
show periods of two minutes and the smaller ones 30 sec- 
onds intervals. 

$17. Sheet No.1, was placed on the instrument during 
a heavy wind from the west—known as Chinook—and the 
clock work started at 10:30 a.m. The clock work revolved 
five times before the sheet was removed, one revolution not 
recording owing to the exhaustion of ink in the pen. The 
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second sheet was placed on at 2:45 p.m. During the time 
of the observation the wind velocity per hour was as fol- 
lows : 

10 to 11 a.m....48 miles 12:tO I<ps Mee sej eames 

Il to -12:a.m.7 3.49 miles | top. me aoumiles 

210 2p. Ma se doumiles 

During the time shown by the second sheet the velocity 
was nearly constant, and was 44 miles per hour. 

§18. The abrupt changes in pressure are noteworthy, 
and indicate the frequency of the more violent gusts, which, 
during the heaviest wind, is from eight to ten variations in 
30 seconds. As the wind becomes slower, its gusty charac- 
ter is lost, the variation of the pressure dissapears, and the 
record shown by the instrument is a straight line. In the 
second diagram are periods of from 30 seconds to 2 min- 
utes where the line issmooth. During these times there 
was a lull inthe wind. The greater irregularities indicate 
the violent gusts proceeding and following the calm periods. 

The diagram well shows the character of the wind at 
such times, and that the velocity of the wind per hour does 
not necessarily indicate the power of the wind to do dam- 
age which would be measured by the most violent gusts. 
The greatest velocity is attained only for a few seconds at a 
time, and the strength of structures must be sufficient to 
withstand these gusts of short duration. 


RADIATION THERMOMETERS, 


Fig. 7. 


S19. The Maximum Solar, and the Terrestrial 
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Radiation Thermometers are shown in Figure 7. The 
solar instrument is an ordinary maximum thermometer 
with blackened bulb in a glass enclosure. The thermom- 
eter is measurably protected from the temperature of the 
air but without a corresponding iastrument with a bright 
bulb, is of doubtful scientific value. We have found that 
it is difficult to obtain instruments of this pattern of suffi- 
cient range, the temperatures under our intense sunshine 
causing the breakage of the bulb. The principal reliance is 
now placed upon the Arago-Davy form of conjugate ther- 
mometers, or actinometer, consisting of two thermometers, 
each with a bulb one centimeter in diameter, placed in 
glass enclosures from which the air has been exhausted. 
The difference between the readings of the two instruments 
is not proportional to the radiation, but gives a means of 
determining the intensity after the constant of the instru- 
ment has been determined, as has been shown by Professor 
Ferrel. The convenience of these instruments is that they 
may be read as easily as an ordinary thermometer, and do 
not require the skill and special attention required by most 
forms of actinometers. 
im $20. The terrestrial thermometer is an or- 
f dinary minimum thermometer with the stem 
protected from radiation. It is placed near the 
ground, with the bulb exposed to the sky. The 
difference between its temperature and the 
readings in the instrument shelter, show to a 
great extent the effect of the cooling due to 
radiation. It is intended that it shall be placed 
over grass, but the changes in the location of 
the instrument plat have not always permitted 


this. 
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HOOK GAGE. 


$21. Theevaporation has been measured by 
the hook-gaye shown in Figure 8. The 
hook is submerged, and the small elevation of 
the water surface produced as the hook ap- 
proaches the surface permits the height of the 
surface to be determined within less than 1-1000 
of a foot. Water is maintained ina tank three 
feet cube of galvanized iron, sunk flush with the 
ground. Observations are made twice daily 
during the summer season, April to September, 
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when the early darkness interferes with the observation 
at 7p.m. After the water freezes in November, the tank 
is not disturbed except at the end of the month, when the 
ice is broken and measurement made. 


EVAPOROMETER. 


$22. Figure 9 represents the evaporometer which has 
been used to determine the amount of moisture used by a 
plantin its growth. It is adapted only to small plants, 
but with them serves to show the varying demands of 
tthe plant from day to day. 


IN 
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SOIL THERMOMETER. 


$23. Soil temperatures have been taken at dif- 
ferent depths by thermometers with stems extending 
from the surface to the depth whose temperature 
is wanted. The thermometers, of the type shown in 
Figure 10, are of the pattern made by H. J. Green, 
Brooklyn, N. Y., protected by a wooden covering, 
which partly prevents the action of the temperature 
of the intermediate soil. 


SUNSHINE RECORDER. 


$24. The amount of sunshine is recorded by the 
Pickering sunshine recorder. This consists of two 
semi-cylinders—one for afternoons, and one for fore- 
noons. They are essentially pin-hole cameras. 
The hole is in the flat surface and the image of the 
sun is cast on the curved side of the cylinder oppo- 
site, which is covered with a sheet of photographic 
paper sensitive to the light. We have added wires 
whose shadow indicates the noon hour. The face of 
the cylinder is moved a notch daily, bringing the 
trace of the sun’s rays on a fresh surface of the 
paper. As long asthe sun shines it makes a line, 
in which there is a break whenever clouds obscure 
the sun. Hence the record, after being fixed by a 
bath so as to be no longer acted on by light, consists 
of a series of broken lines, one line across the paper 
for each day, the extent of sunshine being shown by 

the lines, the amount of cloudiness by the breaks. 

Fig. 10. The lines can then be measured and converted 
into hours and minutes. The sunshine near sunset and sun- 
rise does not record for about half an hour, this 1s counted 
in our figures according to the character of the day. 
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EXPLANATION OF THE TABLES. 


§25. Adry bulb temperature is that of the ordinary 
thermometer. This observation is made at 7 a. m. and 7 p. 
m. The instrument is placed in an instrumental shelter to 
shield it from wind and from radiation from the ground 
and outside objects. The wet bulb reading is that of a 
thermometer withthe bulbcovered with fine muslin and wet in 
water. The cooling caused by evaporation lowers the 
temperature of this thermometer below that of the similar 
dry bulb. This reading is sometimes spoken of as the 
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temperature of evaporation. The drier the air, the lower 
does this thermometer read. In some of the summer 
months the difference is found to be as great as 15° or 20°. 
Attention has been called to the fact that this temperature 
would indicate approximately the temperature which the 
human body experiences, as the body is approximately in 
the condition of an instrument that is moist, and whose 
temperature is less than that of the air. It has therefore 
been proposed to call this the Sensible temperature. This 
term, which is free from objection during the summer 
months, is entirely misleading for temperatures below freez- 
ing. The observations are made by a Sling’ Pyschrometer 
consisting of two exactly similar thermometers placed side 
by side. These are swung in the air, in order to cause the 
rapid evaporation which will only take place by the renewal 
of air in contact with the bulbs. 

$26. The dew point and the relative humidity are ob- 
tained by calculation from the observations on the dry 
and wet bulbs. This is done by the aid of tables, still in 
manuscript, prepared in 1889, and based on Ferrel’s re- 
searches. By the temperature of dew point, is meant the 
temperature at which the air is saturated with the amount 
of moisture it contains. At all temperatures the air con- 
tains moisture. Ordinarily this is invisible, and the air does 
not contain all that it will hold, or it is not saturated. At 
low temperatures it will not hold nearly as much as at high 
temperatures. In consequence, when the air is cooled 
without loss of moisture, it approaches saturation, or the 
relative humidity is increased, while the dew point remains 
the same. When saturation is reached, (when the relative 
humidity is 100 per cent, or when the dew point is the same 
as the air temperature) any additional cooling will cause 
some of the moisture to be condensed into a visible form. 
When a large mass of air is cooled, it may be as a cloud; or 
if the air is cooled by contact with some body below the 
dew point, it may be as dew or frost. The temperature of 
dew point thus indicates the temperature of the air at which 
the amount of moisture actually present causes saturation. 
Thus every time when the dew point is the same, the abso- 
lute amount of moisture present is the same. The relative 
humidity expresses the percentage that the moisture actu- 
ally present bears to the amount of moisture which would 
saturate the air at the temperature shown by the dry bulb. 


A relative humidity of 100 per cent indicates complete satu- 
ration. 
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§27. The daily mean dew point and daily mean rela- 
tive humidity are the means of the corresponding dew 
points and relative humidities from observations at 7 a. m. 
and 7. p.m. 

28. The maximum and minimum temperatures are 
obtained by self-registering thermometers, which record 
respectively the highest and lowest temperatures that take 
place between the times of observation. The mean tem- 
perature for the day is the mean of these two readings. 
In general, this is higher than would be obtained from 
the mean of the air temperatures at 7 a.m. and 7 p.m. 

$29. As great variation in temperature is characteristic 
of the climate of the arid regions, a column showing the 
daily range is therefore given. It will be noticed that the 
average daily range for the year is nearly 30°, and that the 
rarge of certain days may exceed 50°, an amount which is 
unknown in the regions east of the Mississippi. It isin con- 
sequence of such variation, that while the temperature 
seems moderate, if not warm, it is not uncomnion on days 
when the temperature has been below zero in the morning, 
to find an overcoat unnecessary at noon. The same valu- 
able features are characteristic of the summer climate, for 
while the temperature of the day may rise to 90° or over, 
the range gives cool nights, and the conditions fer physical 
rest. 

§30. The barometer readings are those of the mercurial 
barometer, read twice daily. In addition to this a baro- 
graph is also used. It will be noticed that the barometer 
varies from day to day and from month to month. 

$31. Terrestrial radiation serves to indicate the effect of 
radiation on the temperature of the air next to the earth’s 
surface. The reading of the instrument gives the tempera- 
ture indicated by the minimum thermometer placed with its 
bulb a few inches above the grass surface. This is nearly 
the temperature of the air at that point. This instrument 
is placed about six feet lower than the instruments in the 
shelter close by. The amount thatthe radiation thermom- 
eter is Jower than the minimum thermometer in the shelter 
is placed in the column of radiation. 

§32. The important effect of radiation is that it may 
cause frost to occur, even when the lowest air temperature 
is above freezing. It will be noticed, that during the months 
of April, May and June, the temperature near the ground 
becomes 4° or 5° lower than the temperature of the air six 
feet above the ground, and that at times it may descend 10° 
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or more below the air temperature. Hence it isnot uncom- 
mon to find frost occurring, even when the lowest tempera- 
tures of the night, indicated by a thermometer at the 
ordinary height above the ground, has not descended 
below 40”. 

$33. The precipitation is measured by the use ofa 
standard rain gage exposing 50 square inches of surface. 
If the precipitation occurs as snow, the measurements are 
more unreliable, as the snow drifts and the rain gage 
does not give reliable results. Better results are obtained 
by distributing boards flat on the ground, and after the 
storm choosing one which seems not to be affected by air 
currents, obtaining from it, by inserting the rain gauge, 
the amount falling on a surface the same as the gage and 
melting the snow. There is a great difference in the 
amount of moisture in a given amount of snow according 
to its condition, whether light and powdery, or damp and 
heavy. On the average, the amount of moisture is 1-10 the 
depth of the snow. 

$34. The wind is measured 
by the Robinson Anemometer. 
The standard instrument is 
placed on top of the tower of 
the college building, and is con- 
nected by wires with the office 
of the Meteorological section, 
so that every mile of wind that 
passes is registered on the 
recording cylinder. The instru- 
ment is about 60 feet above the 
ground. 99 Trees! surround tae 
campus with an elevation of 
about 4o feet. The tower ex- 
tends about 20 feet above the 
roof of the adjacent building. 

§ 35. Solar radiation is meas- 
ured by means of the actinome- 
ter. This instrument is of the Arago-Davy form, consisting 
of two thermometers with spherical bulbs one centimeter 
in diameter, surrounded by a glass enclosure from which 
the air has been exhausted. These are placed with their 
bulbs uppermost exposed to the sky. One of the two has 
its bulb covered with lamp black and absorbs the radiations, 
and indicates a highertemperature. The readings of these 
instruments are given in Centigrade degrees, which may be 


Fig. 11, 
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put into Fahrenheit degrees by multiplying the reading in 
centigrade by 1.8 and adding 32°. By means of a special 
series of observations, indications of this instrument “may 
be interpreted and expressed in calories, or units of heat. 

$36. To say that the heat received is one calorie, is to 
say thatthe heat received on one square meter is sufficient 
to heat one kilogram of water one degree C. in one minute. 

$37. The enormous force contained in the sunshine is 
not generally realized. If we express this in horse power 
per square yard, 10 calories is equivalent to nearly 8-10 
(.82) of a horse power per square yard, or when the radia- 
tion amounts to as much as 12.8 calories, the solar energy 
which is being received, is equivalent to one horse power 
per square yard. An examination of the column shows that 
this often exceeds one horse power per square yard of sur- 
face perpendicular to the sun’s rays. 

§ 38. These observations have been carried on now for 
a number of years at this institution. They are the first, so 
far as is known, in this country. The instrument is read at 
noon on week days. The numerous blanks are due to the 
absence of the observer at outside observations. 

§ 39. The column of frost or dew indicates the dates 
on which the frost or dew was observed. It doesnot denote 
that these were the only days. During the summer, it is 
probable that many days of dew have been overlooked, for 
the dew has time to evaporate before the observation at 7 
o'clock is made. On nearly every morning, the reading of 
the terrestrial thermometer is lower thanthe dew point at 
the same time. If so, it may be certain that there has been 
dew or frost. If the radiation thermometer has been below 
32°, it is frost; if above, dew. A comparison of the terres- 
trial radiation column and the dew point temperatures at 7 
a.m. of the same day show a few such cases. 

The summaries in tables 2, 3, and 4, show the number 
of davs during the year on which frost occurs. The greater 
amount of moisture at Fort Collins over Cheyenne Wells is 
shown by the greater number of times that frost and dew 
were observed. 

Table 5 gives the precipitation as observed at the Agri- 
cultural College by months. As before stated, the records 
previous to 1887 were scattered and lost, although the 
observations were taken for most of the months. The 
average of the different months is used as the normal pre- 
cipitation, making the normal for the year 13.86 inches. It 
will be noticed, that during the last eleven years, six years 
have been above the normal, and one very much below. 


20 


METEOROLOGY OF 1897 
USS Se he eee 


TABLE 1. 
METEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 


TEMP., DEW POINT AND RELATIVE HUMIDITY. 
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* Minimum temperatnre of day occurred ketween 7 a. m. and 7 p. m. 


The highest or lowest readings of the month are underlined. 
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TABLE 1.—Continued. 
FORT COLLINS, COLO., FOR MONTH OF JANUAEY, 1897, 
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Aer inte oe s nw Ql) 34.5 | 16.0 | 18.5 | D1cT6))). oe 
ae eee se 5e DT) S44) 1722. ATR | SLOCSSI ei ater. 
Lh se ne G2Gi socvetenees PANISRB ool ece ou | lacracn 
14 8 ne Asi | ees Seer iaaie oar lhe ctio.sel litvor.c hh 
O04 se nn WwW BBL AM Delle 2Oe 37 Pde 4S | Reaertcr 
ered pees nw/nw 2.}] 28.7 1.6 | 27.1 | 15.96)| F 
er ahat 0 nw bl) BL.4 5.4 | 26.0 | 15.70]| F 
5 oat oo ene nwj;}nDwWw .6|| 36.1 | 11.8 | 24.8 | 15.31]) F 
W424 927 25. B45]) 0... 2 | eee eee eee ee nw 8 BAW Reimer (see carl te articpy|eondua F 
SEN OUS|2a Obhig -U82|| --.- ser s'|lsaaeniens Ww ne Oi cs ae sal fisenea|| remotes |kemteteete F 
24.985 24.982) 24 985 Pee ini Che, Jerse cece .18 n nw 163.2|| 30.97] 12.79] 18.18) 11.35])...... 


22 METEOROLOGY OF 1897 
TABLE 1. 
METEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 
TEMP., DEW POINT AND RELATIVE HUMIDITY. b ; 2 Terres- 
43 as a 5 © trial 
1 el Sele ae Radiation 
7A. M | 7 P.M. é 5 Fs el as aCe tLe 
aSi ae i a aon 
| a o q i} eh oe, Cee) 
rb) Es cy e. < <q S| on | qd 
of OLE || Sen Sl eOal eee ass Orltee 5 
3 an peal Se s| es = = BoO|aal|ia gs  &| Oo 
POPS e | 2a leS eS lS Sie ale Sl) eo ee) Slee eee 
ABIESIASISEIASIEFBZIASISEllS [Salle |2 12 @ ||$8sla 
a er wie SQ jaya ia ja a |i 318 
Per Per ; _ | Per F° > P 
° a) ° ° ° ° yo a H ° ° ° ye 
BO Eee ont TE aie” Genel en al Cont x aaa lee 
1] 11.9 | 11.5 | 10.4 | 93.6 || 29.6 | 27.2 | 23.3 | 76.9 || 16.8 | 86.2 || 46.9 | 10.1 | 28.8 | 36.2 || 8.4 [2.3 
2| 22.8 | 21.5 | 19.0 | 84.9 |} 33.6 | 29.7 | 23.8 | 66.7 || 21.4 | 75.8 || 55.1 | 22.9 | 39.0 | 32.2 || 18.8 |4.1 
3] 23.9 | 21.9 | 18.0 | 77.4 || 33.3 | 28.2 | 19.6 | 56.2 || 18.8 | 66.8 || 46.5 | 22.3 | 34.3 | 24.0 || 17.1 [5.2 
41 11.2 | 11.0 | 10.4 | 96.7 || 32.1 | 25.6 | 12.3 | 43.2.1] 12.4 | 70.0 || 44.8 | 10.8 | 27.8 | 34.0 || 8.0 [2.8 
5| 25.0 | 22.9 | 18.9 | 77.0 || 34.3 | 28.8 | 19.6 | 54.3 || 19.2 | 65.6 || 38-8 | 19.4 | 29.1 | 19.4 || 16.8 [2.6 
6| 26.7 | 24.2 | 19.6 | 74.0 |t 33.8 | 31.2 | 27.6 | 77.8 || 23.6 | 75.9 || 47-9 | 19.8 | 33.8 | 28.1 || 15.9 13.9 
7| 45.8 | 25.3 | 24.5 | 94.6 || 26.0 | 24.6 |7e2-1 | 85.0 || 28.3 | 89.8 || 43.3 | 24.5 | 33.9 | 18.8 || 22.0 j2.5 
8} 14.0 | 18.7 | 12.9 | 95.5 || 26.8 | 24.7 | 20.9 | 78.1 |) 16.9 | 86.8 || 40-2 | 11.8 | 26.0 | 28.4 |} 8.9°}2.9 
9| 16.2 | 15.6 | 14.0 | 91.6 || 33.9 | 30.2 | 24.7 | 68.7 || 19.4 | 80.2 || 44.1 | 14.2 | 29.2 | 29.9 || 11.2 [3.0 
10) 20.8 | 20.8 | 20.8 |100. || 20.2 | 19.9 | 19.3 | 96.2 |} 20.0 | 98.1 || 29.4 | 20.0 | 24.7 | 9.4 || 16.7 [3.3 
11| 20.0 | 19.6 | 18.8 |"95.0 || 27.2 | 25-3-| 22.0 | 80.4 || 20.4 | 87.7 || 43.7 | 16.0 | 29.8 |"Z7-7 || 11.2 |4.8 
12) 24.7 | 22.1 | 16.9 | 71.5 || 30.8 | 22.9 | 2.4 | 29.4 || 9.7 | 50.4 || 50.8 | 21.9 | 36.4 | 28.9 || 17.0 |4.9 
13/.10.4 | 9.9] 8.4 | QL.5 || 19.2 | 14.0 | =4.2 | 94.4 || 2.1 | 63.0 |] 88.2 | 9.2 | 21.2] 24.0)) 6.1-)8-1 
14] 2.9) 2.2 | -0.7 | 84.4 ||] 94.7 | 18.7] 1.3 | 36.1)| 0.3 | 60.2 || 87.0] 0.1 | 18.5 | 36.9-}| 4.2 [4.3 
15| 25.8 | 20.8 | 8.8 | 48.2 || 45.0 | 32.8 | 10.7 | 24.6 || 9.7 | 36.4 || 47-9 | 19.5 | 38.7 | 28.4 |] 12.5 17.0 
16] 41.3 | 30.9 | 11.5 | 29.4 |] 93.1 | 27.1 | 16.1 | 45.6 || 13.8 | 39.0 |] 55-0 | 34.0 | 44.5 | 21.0 || 25.8 [8.2 
17} 21.8 | 21.8 | 21.8 }100.0' |) 22.5 | 22.0 | 21.0 2 || 21.41 97.1 || 30.7 | 21.0 | 25.9] 9.7 |! 21.0 l0r0” 
18] 22.2 | 21.3 | 19.4 "89-1 )| 93.0 | 20.2 | 14.1 g || 1.8 | 78.5 || 29.0 | 17.1 | 28.0 | 11.9 || 14.0 13-1 
19) 1.8.) 1.8 | 2.8 |200. || 9728 [528.0 |) 7.2 27.5 || 4.5-) 68.7 |] 80-7 1) 4.9 | 92.3 1847814 SOn2) al 
20] 12.0 | 11.4] 9.7 ; 90.4 |] 20.1 | 19.4 | 18.0 | 91.2 || 13.8 | 90.8 |] 40.8 | 9.7] 25.8) 31.1 || 3.7 (6.0 
| * 
21} 17.2} 17.0 | 16.5 | 97.3 || 12.0 | 12.0 | 12.0 100. || 44.8 | 98.7 |] 29.4 | 14.4 | 21-9 | 15.0 9.2 5.2 
22) 3.4 | 8.41] 8.4 100, || 93.8 | 17.8 | -0.5 |sa.6 || 1.4 | 67.8 || 31.2] 0.3 | 15.7 | 30.91 || 8.7 14.0 
23] -8.2 | -8.8 | 6.8 |"c2.6 || 24.2 | 21.31 15.2 | 67.8 || 4.2 | 75.2 || 34.6 -f.8 | 14.7 | 89.9 || -9.9 [4.6 
24) 5.8] 5.2 “4.8 | 97.9 |i-26.0 | 21.2 | 10.0 | 50.5 || 7.4 | 74.2 || 34.9 [5-0 | 19.9 | 29.9 || -0.8 [5.8 
25, 15.4 | 15.1 | 14.3 | 95.7 || 24.9 | 22 0 | 16.1 | 68.5 || 15.2 | 82.1 |) 37.2 | 12.9 | 25.1 | 24.3 |} 8.0 [4.9 
26] 13.8 | 18.3 | 11.9) 92.5 |) 18.5 | 18.0 | 16.1 | 89.5 |] 14.0 | 91.0 |} 29.9 | 11.0 | 20.4 | 18.9 || 5.9 ]5.1 
27) 15.1 | 14.4 | 12.5 | 89.8 |) 42.6 ) 82.1 | 18.7 | 80.8 || 18.1 | 60.8 || 59.5 | 7.8 | 33.7 | 51.7 |} 5.9 11.9 
28| 25.9 | 28.4 | 18.7 | 78.5 || 27.8 | 26.8 | 25.2 | 89.7 || 22.0 | 81.6 || a4. | 22.9 | 38.4 |"2l.1 || 19.2 [8.7 
| 
M} 16.93) 15.65] 12.86) 86.22/| 28.11] 23.99] 15.84] 63.17|| 14.10] 74.69]| 40.90| 14.24) 27.57) 26.66/| 10.18/4.06 


° 


The highest or lowest readings of the month are underlined. 


* Minimum temperature of day occurred between 7 a. m. and7 p.m. 
Maximum temperature of day occurred betwe2n7 p. m. and7 a.m. 


F 


MTEOROLOGY ON 1897. 23 


TABLE 1.—Continued. 
FORT COLLINS, COLO., FOR MONTH OF FEBRUARY, 1897. 
Barometer, Cor- sce 
rected sor Tem- Direction a 
perature and In- PRECIPITATION : oa ACTINOMETER 
strumental Er-| of Wind |2¢ 
ror BES B 
a8 E 
to to) BI} Sy 5 = 
a 8 A leeeclaé : , fo oo ) 5 
= P| g og | Ss a8g|22 EI a = B68 | 4 0 ae 8 Be} 2 
es a 2 es} 26 lags |ia2 < a SOF Sa] ea 5 3 8 
fe Po Hee | Bo ieeslel |] Ses ee es | SS Wee 
aa 1/8 2535/2 a [ey Hes 
Ins. | Ins. | Ins. Ins. |Ins Miles} (CP ai@h signe 
20.420 |25.036125 081). 2.20.0) Nits faaeen- Ww Ww 119.0} 85.9 | 16.6 | 19.3 
2A TO3 124 S08 (24 8561] NGS Ne ciecige ata] emeeuei['s « w BL Ny AO ans hot et cis aol actos 
24.754 /24.812)24.783 62 se n i I a oy ee aaeee 
EY oye Se Bre Bo) ee gee | ee a ee 0 ne | 132.5] 34.0 | 15.2 | 18.8 
DACOV Sot OOUI24-2 0904 |-. dence pal llnnatkcs «tiligaisersel sirs.s e 99.4) 6.5 3.5 8.0 
24.632/24.826/24 72%! |5:2 ay 0.7 Ww ne | 152.1) 22:5 | 12.3.) 10.2 
25.007) 24.984| 24.996 04 me ew | 1A says Ae [aeons Sn 
PA SOC LAE NEO POEe COW hl acc acrdtenliesate tals | esses tale se 8 Ww TE AIA wisi. arto RNoB eck Guba F 
24.795) 24.881)24.836 ay nw | ne | 122.7| 35.0 | 16.1 | 18.9 } 22.05 F 
24.963/24 .908/ 24.936 02 se Ww 79.6) 8.6 ual (RS) 4.08 Sn 
DAB OPA ROTA [De ATOGI Is . cicveleicei| Riseeretsla atfisie.s <= e n 98.4] 13.4 4.1 9.3 5.21 F 
24.508/24.524/24 581 eee.) I |e. ..i] 8 Ww | mo w | 870.6) 8828 2053e 8 bu i216 FE 
PBS Co ae S| eee ae mes se w 151.6) 8252) VT) 2a 1806) ete 
Pes Psd 0) 2: Sore 7 ee) (ee (ee Fest: n TE W (28000) ee cdc Scie Lt F 
24.737)24.664/2 5) eel ces toe loci ae 8 8.6) | 40720 ieeape avert Liners | lieve orc 
24.613) 24.654 /2 ..-| 24%/] se | sw | 867.1) & 22 C2 ELT abl Ooi iterate 
24.874)24.996}: 30 | 1% 0 nWw 70.0} 25.1 8.2 | 16.9 | 10.0) sn 
- 24.942124 .916|2 OT t n e 67.3 ea brates (enon ll hoc.es 45 
24 .715|24.613)% wy n Ww ZIG 27) S2ne |) PES Sei EU ete ieee 
24 690/24 .675|2 ui nw w ABER Car [reo Reniltimacme alae calllinnnsca 
24.651)24. 70412 UO sz Bree | misve 05.0) soe aera |e eee BS Rn 
2 DAS SOTO SOU Ea citer etaeem et olla = cere cate aiats 8 W Ww 165.0) 42.2 + 15.5 | 26.7 | 19.47 F 
Bes Ww Ww 144 9) 38.6 | 12.9.| 25.7 | 16.42|]| Lt F 
esate mw | Bow | Li. bi CU iy: meee te cane | eel miata 
esoptent sw | me |} 17208) 27.1) ORR iain renee 
ae 0 o 169.1] 35.7 | 11.8 | 28.9 | 15.03])Lt Sn 
aw | ew | 175:6) S3rt | T4586: ne F 
ipo ate nw w lil.1 Beco anten! abomecni Aan Ee 
24.866)24.845 2 PAPE Tae Ill necerareellere corte 165.1} 29.47) 12.35) 17.12} 10.86 


! Used to indicate approximate time. 


24 


METEOROLOGY OF 1897. 


TABLE 1. 


METEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 


TEMP., DEW POINT AND RELATIVE HUMID(TY. Bm Terres- 

a cs} 2 © 2 trial 
e 3 a 5 Ee Radiation 

7 A. M 72.™M aa = 5e 4S 
7 aelas s ies E 

- —||/S b/s oibe gla are & ‘ 

es eletllaalaellesieai/aa] . | 6 
Pa|sSl|ER|SSlpS(SSleslesii> |SSlleSl|BSie8)| & |lsee)/ 3 

sf OMANI Yer ey hteesuaret (iS Wey NG) Gey icy eas TH on a a g Bee 
AasIEFRIALIS SIABIERIALISEll2 S38 || a | EI ols cies 
| 2 i asa alee) As lS = fa mem | oes & 

f | a 7 i | 
Jap ‘ 
Bol we oF Bie) wee, FOE || are Ont ee 1 gee Tames nea) aaa 
| Cent Cent * * 

Odea eee a keel 8 | 21.8 | 21.8 |100.0 || 22.4 | 96.6 || 24.9 | 21.1 | 28.0 | 3.8 || 21.7 |-0.6 
2| 21.1 | 20.8 | 20.2 2 | 25.3 | 22.0 |"su-4 || 21.1 | 99.4 || 36.1 | 18.9 | 27.5 |a7.z || 16.1 [3-8 
a) 8} 2k.) 21.9 1] 29.1 | 26.1 | 81.4 || 24.0] 93.1 |] 40.1 | 20.0 | 80.0 | 20.1 || 13.7 16.3 
4) 22.2 | 21.8 | 21.0 .8 | 27.8 | 12.1 | 37.1 || 16.6 | 66.2 3.0 | 17.3 | 80.2 | 25.7 || 14.0 13.3 
5} 26 2 | 24.0 | 19.9 3£.8 | 28.1 | 17.2 | 48.7 || 18.5 | 62.7 || 46.9 | 21.8 | 34.3 | 25.1 || 17.0 |4.8 
6| 24.2 | 28.8 | 23.1 32.3 | 30.2] 27.2 | 81.1 || 25.2 | 88.3 || 42.6 | 20.7 | 31.7 | 21.9 || 18.7 12.0 
TA Ey UA Biaves help aaa 2.1 | 32.1 | 15.1 | 33.1 || 20.1 | 66.5 || 54-0 | 24.0 | 89.0 | 80.0 || 24.5 |-0.5 
8} 33.3 | 29.8 | 14.5 | 3/.4 || 34.7 | 80.2 | 23.4 | 62.8 || 18.9 | 50.1 || 49.1 | 33.2 | 41.1 | 15.9 || 26.0 7.9 
9] 22.5 | 21.9 | 20.8 | 93.0 || 33.6 | 25.1 | 5.1 | 29.6 |] 18.0 | 61.3 |} 43.9 | 20.0 | 32.0 | 23.9 || 16.2 13-8- 
10) 21.2 | 20.1 | 17-8 | 86.6 || 37.0 | $1.3 |.22.7 | 55.9 || 20.2 | 71.3 || 50.7 | 15.0 | 82.8 | 35.7 || 12.0 13.0 
11) 25.9 | 20.0 | 4.3 | 89.4 |) 28-6 | 20.9 |--1.2 | 27.0 || 1.6 | 33.2 |] 87.1 | 22.5 | 29.8 | 14.6 || 17.0 |5\5 
12) 15.4 | 15.2 | 14.7 | 97.1 || 19.9 | 18.2 .8 | 78.0 || 14.5 | 87.8 || 23.9 | 15.0 | 19.5 | 8.9 |] 14.2 Jog 
3} 9.2] 9.2! 9.2 1100.0 |] 14.6] 12.9 SO isn) 8.6.) 87.5 || 27.0] 18.7) 15.8) 23.31) =029) hang 
14) 12.2 | 11.8 | 10.7 |"Ys-0 || 26.6 | 22.9 | 15.4 | 62.1 || 13.1 | 77.9 || 39.3 | 7.1 | 28.2 | 32.2 3.2 |3.9 
15| 20.7 | 19.7 | 17.5 | 87.7 || 81.0 | 26.3 | 17.8 | 57.1 || 17.6 | 72.4 || 47.4 | 14.4 | 80.9 | 83.0 |} 10.9 I3 5 
16) 24.6 | 23.9 | 22.7 | 92.2 || 48.0 | 34.4 | 22.0 | 43.0 || 22.4} 67.6 || 52.0 | 17.6 | 34.8 | 34.4 || 13.2 |4'4 
17| 38.2 | 32.9 | 25.5 | 60.2 || 42.5 | 83.3 | 19.1 | 38°6 || 22.3 | 49.4 |] 58.7 | 81.9 | 45.3 | 26.8 |} 25.9 1976 
18/ 32.8 | 29 2 | 23.7 | 68.6 || 44.2 | 84.1 | 18.5 | 85.4 || 21.1 | 52.0 || 60.8 | 24.2 | 42.3 | 36.1 || 18-8 In 4 
19) 34.1 | 29.1 | 20.9 | 58.0 || 31.1} 23.1 | 2.4 | 29.1 |] 11.6 | 43.5 || 47.6 | 28.0 | 85.3 | 24.6 || 18.8 14.9 
20/ 22.1 | 19.0 | 11.5 | 63.5 || 29.0 | 28.1 | 26.7 | 91.1 9.1 | 77.8 || 40.1 | 15.6 | 27.8 | 24.5 || 11.0 14/6 
21) 25.4 | 95.4 | 25.4 [100.0 || 21.1 | 20.9 | 20.5 | 97.6 || 23.0 | 98.8 || 30.6 | 24.7 | 27.7 | 5.9 || 20.7 1.0 
* Fe 

22/ 16.8 | 16.8 | 16.8 {100.0 || 15.8 | 15.2] 13.6 | 91.4 || 15.2 | 95.7 || 82.8 | 15.4 | 28.8 | 16.9 || 11.0 |y 4 
23] 5.1] 5.1! 5.1 |luru || 19.8 | 17.9] 13.8 | 76.1 9.2 | 88.1 || 88.2 | -7.0 | 15.6 | 45.2 ||-11.8 {4.8 

ny p aso ESD ran Saran 
24 18.7 | 17.4 | 14.3 "83.1 || 30.9 | 26.8 | 19.6 | 62.5 || 16.9 | 72.8 |] 42.¢ |" 6-3 | 24.6 | 36.6 1.0 [5.8 
cs 29.3 | 26.9 | 23.0 | 76.7 || 88.1 | 84.1 | 28.9 | 69.8 || 26.0 | 73.2 || 53.6 | 19.4 | 86.5 | 34.2 || 14.2 5.2 
37 35.5 | $2.3 | 28.0 | 74.0 || 48.9 | 41.2 } 33.0 | 54.4 || 80.5 | 64.2 |] 64.4 | 27.2 | 45.7 | 86.9 || 23.9 13.3 
Be 36.1 | 33.6 | 30.4 | 80.0 || 45.9 | 36.3 | 23.1 | 40.4 || 26.7 | 60.2 || 65.0 | 29.7 | 47.3 | 85.3 || 25.9 {3.8 
‘ 36.9 | 36.1 | 35.2 | 93.6 || 47.6 | 42,1 | 26.6 | 66.4 || 35.9 | 80.0 || 65.8 | 28.9 | 47.1 | 36.4 |] 23.9 [5.0 
2) 84.0 | 32.0 | 29.8 | 82.8 |] 45.8 | 40.8 |"Bo.7 | 68.2 || 82.5 | 75.5 ||"O0.0 | 29.4 | 44.7 | 30.6 || 23.4 |6.0 
80.8 | 30 8 | 80.8 |100.0 || 27.1 | 24.9 | 20.9 | 77.3 || 25.9 | 88.7 || 35.4 | 80.0 | 82.7] 5.4 |] 30.0 j0.0 
31 29.2 | 27.8 | 25.6 | 80.2 || 30.9 | 26.1] 17.3 | 56.1 || 21.4 | 71.1 || 37.3 | 24.7 | 81.0 | 12.6 || 24.0 10.7 
MI 25.30) 23 55] 20.39) 83.7311 32.65] 27.79] 19 30/61.52 |! 19.84] 72.631] 44.921 19.961 82.341 24.961! 16.0713.79 
* 


Minimum temperature of day occurred between 7 a. m. and7 p. m. 


The highest or lowest readings of the month are underlined, 
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TABLE 1.— Continued. 
FORT COLLINS, COLO., FOR MONTH OF MARCH, 1897. 


Barometer, Cor-|| Se 
rected for Tem-|| Direanon ap 
perature and In-|| PRECIPITATION | 3 4 ACTINOMETER 
strumental Hr-|| |, of Wind || 26 5 
ror. \| aS AQ 
= : =e : : & 
| ee fezelae lz So BS Nee 
Boh A a ond |<talfe] 27 4 |Sellacige| 8 | 2 i) 8 
aja | $ | 23 eslsell 2] BS" || eS || |) te tiers 
a = a eS Se it~ ~ j= Sel/ | OM ae ae 
| : a | |F ey lt ies 
- | = | 
| Tus. |Ins.| | Cre es ©* | Cal 
0:30am! .01 |.. Be | se dy Spel eetatey ll ee F 
Nt. NG =| S17 2%, 90 | ow $8) 11.2) 20.67) 122738) Sn. 
#230 Sirm|| ee ase fe ees #5! 8 e 6] 8.5 | 15.1) §&.95 
2:40pm ee Ss. cE a Sl eat ae 0) Sebi bw lee Gebe iy 
IS | eran che sect heed alent MP ELDAYA | eecaohted (Bocmiee! |aatap eal lloaee! ot Lt. # 
ete. ee lteceeenn. sea | ees e Rear RAs ciecillic motte F 
Perec 8 e Ww BRT Neda eatexeal eases | lsc duce Reg 
Seon Sol) Boe ne 16) DS AS aiken eral 
01 || se | sw .O | 15.6 | 19.4 | 12.34 
pS ataehae mee s Ww .O | 18/3 | 18.7 | 12.11 
ees ..:|| Dw] sw eb |) 1S Bu Z0Ze ie 6n 
06 | YI e n 0} 8.1 | 14.9] 8.46]| 8n 
OL | 8 8 9.6 6.7 2.9 | 13.80 Sn 
eel Sees 0 Ww 2s gal diene ae Seana eee F 
sons | 0 nw 3° | 17 el AO 2 28 K 
ete ds n w 5 Sloat dod 9.59 F 
One ae se Ww cre waacell es te ell cece ae | eee 
WB apae 2 |} ne w BU 2o. de eee he SSH eters 
: 12-10 pin| Seep ee -|| aw |} ow 3) 10.7 | 6. 6s 828 
24.662/24.606/24.634/15:20pm]......../ .02 il 0 e rm an I HER eg os age 7.60 
PES ORONO etn Nee MOE at aids ce. (1) TALS] <0 scree le zcreulens eter oeeane Sn 
5.07! Day 08 | 1 nwisw 8 | 19/23 28.1" | 19302 Sn 
4 | Pee El SEE Ae Ww Sw 5.8 | 18-Do ear. So) akong EF 
Sela nests =e e Ww 3.0: 1 17.60) 18 74a" dip st KF 
Neate seal) Rew | 6; 3.0 | 22.8 | 28.2 | 15.21 
tes Jee Seen BOW, 8 -1 | 26.7 | 20.4 | 14.19 
-.|// DW | 8 Ww 2.0 120.0 | 16.8 ) 21543 F 
A ate as ae e n SP el ere tert Saehtat (|S Ric 
! 24.456 T |sm n nw 44.4 | 25.7 | 18.7 | 12.82 F 
24 432/24 .674 -99°| 7 nwinow 2p.6.) LOsbalh Lop 9.08 Sn 
ZARINBI OE, 965 (24 BEL || oc. ao .. selll nig eersiee line oe te toate nw n 83.5 | 13.7 | 19.8 | 12.44 
24.812/24.799}24.806]|........ ere eee Sr Nea toot dill teres ecodde, a3 227.1|| 34.64) 16.20] 18.44) 12.261)...... 
| 


} Used to indicate approximate time. 
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METEOROLOGY OF 1897. 


TABLE 1. 
METEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 


TEMP., DEW POINT AND RELATIVE HUMIDITY. & Terres- 

=! Z = g ¢ ¢ trial 
7 A. M. 7 P.M & z E = Sil £ Radiation 

= 8S aelSHlis = ae z a 
| 5 4 eS Sie tied es 

ues -lPZllsAlZEZE 2/48 Bul 3 

pé a Bog | 2c Be Sales ea eta! at Hee mrad > % aoe 5) 
Ee POE a oles peer PEi ree tS elm Deer ulies e| ens abll bse een Heel in liieyisha tse) 
PeIPR Ac Sa (Cee ea tee) So 2 eibs |e 1S Wea gemene 
oo oo A a ma | ee: ST Pl eel cs 

ue Per ne ° 6 ° i 

age F° 1 eS ine 1S i : F ik F F F F KF 

ac Cent 
WESIAZ Mee Satalic Daleso aos |lesonen eae meosO «| 68.5 19.5 4856 1 coh ieie Sasol o eS, 23.0 15.7, 
aes 

2) 29.2 | 29.2 | 29.2 1100 OOOuiieode teed at BL 26.7 84.4 | 28.5. | 31.5 ae 28.1034 
Si 26.2.) 24.21/20.) 78.8 39.7 ol 4 i) 1t.2 | 40.8 19.1 43.9 | 20.0 | 81.9 | 23-9 12.9. 17 1 
4 8200") ell e29..8 5) 91.7 URRY || Bier et |i When ba lest | 23.4 BOL 1e22a7 | Sid |cOne 19.9 |2.8 
5| 86.0 | 33.9 | 31.2 | 88.0 |/240.2 | 38.9 | 37.6 | 90.5 34.4 SLO Woeiaeo| Solel onS 23.2 14.0 
6) 3959 1 84.10) 260851 58.2) 1) 86.0, 85.8 | 36.4 1 97.5 80.9 51.9 | 82.9 | 42.4 | 19.0 20.0429 
HalnOceO uliere4ai Be a) ml ROS: 22560) 30,8 1) 80.7 )- 92.8 al-4 45.0 | 31.4 | 38.2 13.6 Sone 
SIES2sou BLO 31.8) |) Qbear ode jel Otaes.9) | B22 30.1 46.1 | 20.1 | 38.1 | 26.0 16.8 )3.3 
O28 1 8le7 | 8022) 1190.2. ||42,9 1985. Osi 241 | a7.8 Pafcd 50 8 | 22.8 | 36.8 } 28.0 20.0 |2.8 
10f Me Qe leat co) | S2ser | hic cOelimoDROn eked In eace yoed 40 20.5 66.7 | 88.4 | 50.1 | 33.3 28.0 [5.4 
AAT Gy sien ocd On e4OR Sie sSeaelepowen heb ek | (6d n0 Zo20) 55.0!) 85.64) 45-81) #9e4 il ey AE sea!) 
TPA AU F385 Uh Stale Sul eA eal (alsa FONT Oa ee ly eo a || D4 eik 27.6 4 | 36.9") Ae le Tae 84.0 (2.9 
£3) 8820) 30295 23.0) S150) 482 Bese) 1007) 88.8 23.8 58.1 | 23.0 | 40.5.-1-35.1 18.3 |4.7 
14) 4272" 1936.8 180.8 | 63.1 SORTS Oe 2h Sy | Oo 26.1 65.8 | 24.9 | 45.4 | 40.9 20207 
15| 40.2 | 85.9 | 37.6 | 90.5 DO Mpa eeOr da eesO! | 42.3 32.8 57.3 | 84.6 | 45.9 | 22.7 33.7 |0.9 
16} 45.7 | 40.9 | 36.0 | 69.4 || 55. 43.2 | 80.5 | 89.4 Beare 69.8 | 88.8 | 51.8 | 36.0 28.9 14.9 
DTNSHOLO | 42 Be mime: £4 V1.9) 16.8 24.9 030) SA BS oe tees 26.0 1a 4 
18) 58.651 45, 1 oie | SoA ed 3O | 83.1 | 29.5 73.7 | 38.37) 56/0) |eabee Beene ay 63 
19) 89.8 | 35.8 71.0 AOCGE I B0C7 | AT 30.8 61.5. | 85.8. | 46 42) 26n2 SIL 4.2 
20| 44.9 | 40.9 74.0 4020) L7.1) 20,4 27.0 LOLS Sie dn ende Oa aoe en 84.0) 13.4 
21) 51.2 | 39.8 Shee BORG allied dS 2133) 60.1 , 38-6: 149.3) 12125 29.9 18.7 
22| 42.0 | 38.1 ris BIMOMIELe a ale) Sie0) 61.6.1, 33.2 | 2A 284 28.8, 14.9 
2a Ae. | Bae 63.7 DinsleoURo |) Ape: By eet 56.8 | 89.0 | 47.9 | 17.8 Solera 
24) Al 2) 43.2 69.1 44.8 3.3 | 88.6 40.3 63.4. 1 4800) (bee Tay ) 3.7 
aay) eye E | 2b a | 87.4 40.4 | 24.8 | 83.5 B41 73.0 | 80.8 ) 51.9 | 42.2 4.6 
26| 61.7 | 46.9 33.4 43.1 | 22.7 | 24.0 || 27.6 77.2 | 85.4 | 56.8 | 41.8 || 80.7 [07 
27| 55.0 | 45.9 oad : 48.2.) 40.2 | 52.4 38.9 78.26) (39.5) | BOL51 fF B41 Sayan es 
28) 40.9 | 37.1 (oud: g AGO Oaeel OOM 32.5 60.1 | 38.0 | 49.1 | 22.1 87.6 10.4 
29) 41.8 | 38.1 TA 8 46.9 | 44.8 | 48.0 | 86.7 380.) 6161. |) 382.0 } 465.1, 29.1 26.4 15.6 
80} 44.7 | 42.5 SD. Dell DOEGalh Conon Popa [40 a2 Cy cts) 68.5 | 31.8 | 50.2 | 36.7 Pisin) OS sehy 
Mj 41.93] 37.12] 31.5(| 69.91]} 46.79) 88.2(] 27.47] 51.99)| 29.48] 60.95|| 59.52] 22.02] 45.77| 27.51]| 28.01/4.00 


The highest or lowest readings of the month are underlined. 
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TABLE 1—Continued. 
FORT COLLINS, COLO., FOR MONTH OF APRIL, 1897. 


Barometer, Cor- xc 
rected for Tem- Direotion Qo 
perature and In PRECIPITATION at 2.48 ACTINOMETER 
strumental Er- of Wind ||@B 
ror. 192 2 
= o 
ife a 
So =5 BS taal ® qd he 
“ei C2 | Om /Eaclae g lz = oo alee 
A a DA a : 4, a es) 
$ || ee] oe ieZgl | | lgselee|e2| 8 | Bi # 
2/2) 2) 48) ea Sees] 2] leeclaglge|e |=] é 
= = open S 4 
ae) A Sa Sei ae ee ce lars 
| | ae 
Ins. |Ins Miles}! C C C Cal 
Sons (eco nw| se 236.0] 87.0 | 19.0 | 18.0 | 11.69 
0.36 | 13% e nw || 189.4/} 29.1 | 11.5 | 17.6 | 10.78]| Sn 
oe nD Ww 158.7|| 42.5 | 19 22: Oi) Tonedillee eat: 
Bec. se Ww 296: 21 mel cmecmeel betas ‘ Scie] 0 Be 32) 
O04 n 8 Ww VG IN xe: aco itlovn secede items | Ovemmeas 
au! n WwW e Pa Ol een peecelliaaonan (ooo aoillliacon.or 
.34 | 2 n n 204.4]; 40.8 | 19.8 | 21.0 | 13.88 Sn 
Ay 0 ne 146.2)/ 19.0 | 11.0 8.0 ATOM eacers 
as O | nw || 220.9]] 25.5 | 14.2 | 11.8] 6.89)/Hv. 
Means Ss Ww 300.3}| 43.0 | 26.8 | 16.2 | 11.09] F 
fee Ww n rob bl eee lameness dalloone calllorosoe 
cee Feakace, | he a WR Pe MRR BR IT. oS, ee ce tater aed area eee 
se rae 8 Fo a | (a ood Was re elfen ies 2c] fe see || Sana we F 
-.--[l Dew | nw || 287.41) 48.0°) 80.2) |) 1558) 12559) 
NT aed We sw n oy 2.5: | 2B. Sol 18/7 al aba Oe! heme 
ete ce At, 0 w 4.9 | 28.6 | 16.8 11.52) op ereests 
n Ww Pig arse T (el ea lajacck | GEN ais 
nw|ne ey Sa hesl | eens eee 
one se | nw Rae Palomas |Paaan Gelillyaceioe 
ne Ww SEEN es (scroll Hen cS 
seein ne/nw 24.4 | 14.6 EM accos 
uh e n w | Dia S145 0M ee Oe eee 
aoe nwiow 28:0) | 16:3 7) LO RAN aces. 
02 se SW Bree ese. maacecrats il|l ess 
AN se 7a) | toto te] eel Ieee lore se ct) acum nea on 
cgay |jnw|}|sw 24.0 | 16.2 | 10.86])...... 
or 0 po Vile (3: 2 UO eer Diam aoe Iriner cae Nc doe Cie! HN isveraterers: 
Cae e 5806 29.00] Losi abt Te Were 
36 0 oC R Ia ome ciel! See. dll seme . F 
bu 0 8 282 V6 200 Ts O6 eres 
HSU MIEA Team cies 22.41) 16.32] 10.88)|. .... 


+ Used to indicate approximate time, 
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TABLE 1. 


METEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 


TEMP., DEW POINT AND RELATIVE HUMIDITY je Terres- 
= aS © 2 2 trial 
- — 5 £ £ £ Radiation 
(A.M. | iP. M. R= Ss x ol ey A 
| gd ° =ian| eal al Gow 
| }€%/S'c/8 8/8818 & 
| @ bl oPlla EIS e lS alaglaa (2 
dope elZelle ele eleelasise| 8 Weeks 
pSleSleslSeil-2ieSlesleaia lesl8 |2 13° | € letsla 
ey 2 osei\@ehll2selewsliosli|o 8 a Ze | 4 x os ra S 
AglEalaag ae 2 era A 65 me A aco.) a 8 s ld a] 
ol 
1a Re F< P F EF F Per a Per Tv F° EF Fe | fe Re 
Cent Cent Cent 
1 | 48.8 | 41.5 | 65.0 |] 57.0 | 45.8 | 85.1 | 44.1 |] 88.8 | 54.5 | 76.6 | 33.1 | 54.8 | 42.5 || 28.5 14.6 
0150.8 | 39.2 | 88.8 || 57.1 | 46.4 | 36.6 | 46.5 || 87.9 | 42.7 | 76.5 | 39.8 | 58.2 | 36.7 || 32.0 |7.8 
-1 | 46.9) 42.6) 70.4 97.8 | 45.3 | 32.9 | 38.9 | 37.7 | 54.6 | 73.6 | 38.6 | 56.1 | 35.0 || 33.0 15.6 
‘0 | 46.9 | 42.7 | 70.9 || 63.1 | 50.0 | 39.2.| 41.3 || 41.0 | 56.1 | 74.7 | 38.8 | 56.7 | 35.9 || 32.9 [5.9 
2 | 50.7 | 45.9 | 66.0 || 59.1 | 49.5 | 41.8 | 52.9 || 48.8 | 59.5 | 73.0 | 42.5 | 57.8 | 80.5 || 38.0 [4.5 
1 | 49.1 | 44.5 | 67.4 || 59.5 | 48.9 | 40.1 | 48.9 |} 42.3 | 58.1 | 7.5 36.0 | 55.7 | 39.5 |) 31.0 15.0 
2151.0 | 46.5 | 67.5 |] 58.9 | 50.8 | 44.8 | 59.5 || 45.7 | 68.5 | 75.7 | 41.8 | 58.8 | 33.9 |) 36.2 15.6 
.2 | 47.9 | 36.9 | 42.0 |] 55.9 | 43.7 | 30.7 | 38.5 || 88.8 | 40.2 | 70.1 | 43.0 | 56.5 | 27.1 || 88.7 |4.3 
1} 42.2 | 84.1 | 54.2 |] 57.7 | 44.8 | 31.5 | 37.2 || 32-8 | 45.7 170.2 ]_31.6 | 50.9 | 38.6 |] 27.7 13.9 
3.2 |-43.6 | 38.9 | 48.2 || 46.2 | 44.2 | 4a.4 | 87.2 ||} 88.1 | 67.7 | 63.9 | 44.7 | 54.3 | 19.2 |) 37.7 J7.0 
5.7 | 44.8 | 43.2 | 88.0 || 52.0 | 45.2 | 89.1 | 61.6 || 41.2 | 74.8 | 62.2 | 42.7 | 52.5 | 19.5 |) 41.6 1.1 
-1| 48.1 | 39.6 | 50.8 |] 59.0 | 49.2 | 41.2 / 51.9 || 40.4 | 51.1 | 71.0 | 39.5 | 55.2 | 31.5 || 88.1 [6.4 
6 | 43.2 | 41.3 | 58.6 || 54.2 | 46.8 | 40.6 | 59.8 |] 40.9 | 58.2 | 71.0 | 41.2 | 56.1 | 29.8 |) 35.9 j5.8 
8 | 42.3 | 35.9 | 66.6 |] 58.1 | 48.9 | 41.4 | 58.9 |] 30.2 | 60.3 | 75.8 | 34.3 | 55.1 | 41.5 |) 27.8 16.5 
2 | 49.7 | 43.1 | 57.1 |! 65.3 | 52.0 | 41.8 | 42.5 || 42.4 | 49.8 | 77.7 | 38.6 | 58.1 | 39.1 || 34.0 [4.6 
8 | 51.9 | 47.1 | 64.9 || 59.2 | 52.8} 48.5 | 67.5 || 47.8 | 66.2 | 79.1 | 40.6 | 59.9 | 38.5 || 34.8 [5.8 
0 | 51.9 | 48.3 | 72.9 || 70.8 | 53.9 | 41.2 | 34.5 I] 44.8 | 53.7 | 82.0 | 38.7 | 60.3 | 43.3 I] 38.1 |5.6 
4 | 53.8 | 50.2 | 71.4 || 63.1 | 52.6 | 45°0 | 51.8 «| 47.6 | 61.6 | 80.0 46.0 | 68.0 | 34.0 || 39.9 |6.1 
6 | 58.9 | 49.5 | 66.8 |} 58.5] 54.7 | 52.4 | 80.0 || 50.9 | 73.4 | 76.2 | 42.8 | 59.5 | 38.4 |) 37.0 |5.8 
* 
-2| 52.0 | 51.9 | 98.8 |) 60.8 | 56.2 | 58.5 | 76.8 |] 52.7 | 87.8 | 71.9 | 51.8 | 61.9 | 20.1 || 50.8 |1.0 
.7 | 58.8 | 52.4 | 92.0 |) 58.9 | 55.8 | 58.1 | 81.0 1152.8 | 86.5 | 68.9 | 51.6 | 60.2 | 17.8 |) 4829 j207 
.8 | 54.5 | 51.4 | 75.2 || 61.0 | 58.4 | 43.7 | 76.9 |) 52.5 76.1 74.3 | 51.3 | 62.8 | 28.0 || 44.8 6.5 
.0 | 50.8 | 47.2 | 72.0 |] 61.1 | 54.2 | 49.8 | 67.8 || 48.8 | 69.9 | 73.1 | [46.4 | 59.8 | 26.7 || 39.8 16.6 
6 | 49.2 | 50.3 | 65.7 || 60.1 | 55.0 | 51.8 | 74.1 |} 51.1 | 69.9 | 71.8 | 48.7 | 60.2 | 23.1 || 41.7 17.0 
60.0 | 54.1 | 50.3 | 70.2 |} 61.2 | 54.4 1 50.1 | 66.6 || 50.2 | 68.4 | 81.1 | 45.3 | 63.2 | 35.8 || 38.4 16.9 
63.2 | 55.1 | 50.1 | 61.9 || 65.0 | 52.8 | 43.9 | 46.5 || 47.0 | 54.2 | 82.3 | 43.2 | 62.8 | 39.1 || 37.0 )6.2 
-5 | 50.0 | 47.5 | 80.2 || 51.2 | 47.0 | 43.6 | 75.7 || 45.5 | 77.9 /]/53.0 | 52.0 | 52.5 | 1.0 || 48.5 13:5 
51.8 | 48.8 | 46.5 | 82.6 || 62.0 | 54.8 | 50.2 | 65.2 || 48.4 | 73.9 | 78.0 | 38.5 | 58.2 | 89.5 || 33.6 5.5 
64.0 | 55.6 | 50.3 | 61.0 || 66.0 | 55.3 | 48.3 | 42.9 || 49.3-] 57.0 | 66.0 | 47.8 | 56.9 | 18.2 |] 40.4 |7.4 
50.2 | 47.0 | 44.8 | 82.2 || 62.0 | 53.6 | 47.9 | 60.0 || 46.3 | 71.1 | 78.0 | 44.5 | 61.3 | 33.5 |] 37.1 [7.4 
63.0 | 55.8 | 49.9 | 62.2 || 62.5 | 57.4 | 54.5 | 76.0 || 52.2 | 69.1 | 77.0 | 47.2 | 62.1 | 29.8 || 43.0 [4.2 
M/ 56,19] 49.89] 45°17] 67.39]| 59.49; 50.96] 44.09] 58 64)| 44.63] 63.02] 73.55] 42.66) 58.11) 30.89!| 37.30]5.36 


|| Minimum temperature of 23 from thermograph. 
|| Maximum temperature of 27 before 7 a, m. 
* On the 20th the lowest temperature was after the 7 a, m. observation.—al” 


The highest or lowest readings of the month are underlined. 


+ Used to indicate approximate tims. 
* Record is for two days. 
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TABLE 1.—Continued. 
FORT COLLINS, COLO., FOR MONTH OF MAY, 1897. 
Heston y= Aad xo 
rected for Tem- . - 
perature andIn-|| PRECIPITATION econ ears ACTINOMETER 
strumental Er- of Wind oe s 
ror g io} Oo 
eS A 
bo ey BS c o 
: HOGS eeecleb | sy RC le aalecgime 
S| Sot sat ee Slog = | | |segiee| oe) sleeines 
t-| . #8 2 - > | em B@ | sea] wo < 2 OS Silla pare as} = 
~ ~ = Ae | HM |SSHipsi x x RAS QM aA] S = 
| ams | eile 
Ins. | Ins. | Ins. Ins. |Ins Miles Cc Cc Ce @als 
25.006 24.842/2 0 Ww 
24.940 /25 .03)): | ow/now 
25.088 |25 034/25. | nw 8 
25 .076| 25.035} 25 . 0: | nw 8 
25.128/25.109/25. ne 8 
25.096} 24.950) 25 .02¢ 0 e 
24.947/24.850/24. 0 n 
24.927/25 .080}25. nW 8 
25.167 | 24.946) 25 .057'|6:5 ow|sw 
25 049/25 047/25 . 048! Nt. n n 
25 .062)24.953] 25.007)! 1 p.m 10 8 |83w 
ZA OOGI24< G10 [22 GOL vos 3.5 a acetic cl lloeaiaten ne 8 
2502425 .073]25.049]|........ ese Oe Heelan 0 |uw 
25 083/25 .000]25.0411]........ | eee ee nowluow 
25 .076/25 .031/25.054)|1'30p.m'........ 01 0 ne 
25 .065|25 .080| 25.072) |t i1:30p.m P 8 8 WwW 
25 .087|24 .983)25.035]/7:10p.m'...... ay n nw 
25 .063/25 .072/25.068}| 4 p.m.|........ .03 nw n 
25 .138'25.111/25.122)| 4 p.m.|/5:40p.m! .19 se |nuw 
25 ..171}25 .049/25.110 Nt Gian 1.28 nw 8 
24.981/24.839/24.910]/+ 8p.m.|10:40am| .03 5wi{ne 
24 .983)}24.914/24.948]/3:30p.m/|5:30p.m]} .03 8 Ww 8 
25. 142/25 .063}25. 103 if Br oot eal ores 8W/|8 W 
25 .113|}24.928}25 .020]|3:45p.m| 5 p.m.} .01 ne |nw 
24.948/24 .913/24.931|| Nt. Nt. oh nw n 
24 .963/24.929/24.946]) 8 p. m]}........ Al e DW 
Ze SUS a cSt |e GOO) lea a's, ain'e'e Peluhaea sib oe .08 ne|nw 
25 .384/95.197 (25 .245||1:30p.m| 5 p.m.| .02 se |sw 
25.151/25 107/25 .129 Jercctecc|eeee eens leeeeee [eee n 8 
25 154/24 .928/25.041!| 3 p. m| 5 p.m 04 6 8 WwW 
24.787|24.728)24.758)|9:30a.m| 4 p.m.] .18 swli|w 
23.066 25.005 25 OBI Set awasileieaa ee BiOoulessMsaaey Leeson 160.3}| 42.12| 29.22) 12.89) 9.15))...... 
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TABLE 1. 
METEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 
aa ak ; , mn 

TEMP., DEW POINT AND RELATIVE HUMIDITY. >| z 2 2 Terres- 

é ae —_= = = = + = trial 

i Reo ME 7 P.M. E S 5 = Py 7 a Radiation 

= . Sel e2 |e Fle 8) 8 § = 

2|2) 8 /ef\]| |] 2] 8 efi sasliakl|saelsaeiaa Be 8 
Seles Ne aes || B \adad Oia el pe pee bee IES Oe te heme etme 
Pilea a sg veal ol : S2\\tas eee eae ie a ie oh 
polipoml Re Soe!) ae ae sg = |¢ Sih aegis 

A = PS [om] iS a es A a= eal (an) agen = Aa Q = ni foal Ss 

Per || Per Per 5 z tee ° 

° ° ni | ° ° ° ° F ° 

F z E Cent F = F Cent x Cent a e C F ee F 

1} 61.2 | 58.0 | 56.2 | 83.7 59.2 | 49.5 | 41.2 | 52.5 487 BRD aie sie sel boa BN | any eeu or eee 46.0 | 5.6 
2] 50.8 | 47.2 | 44.4 | 78.9 45.5 | 44.0 | 42.6 | 90.2 4355) Sa Bolt case vie (AO cael ee 41.1 | 4.1 
8] 47.0 | 44.0 | 41.3 | 81.2 44,2.) APA £470 199.3 43.6: | S038) | hsese ay} Bice hae ee |e eee 81.4 | 3.9 
4| 50.1 | 48.2 | 46.9 | 88.8 || 5u.d | 49.3 | 48.4 | 92.7 47.7 | 90.7 623.6: | 44.1) 51-8.) 2125 36.4 | 4.7 
5] 51.0:| 48.5 | 46.6 9.3 52.0 | 46.1 | 41.0 | 66.5 43.8 | 75.9 60.8 | 46.1 | 53.5 | 14.7 43.9 | 2.2 
6] 51.2] 47.2 | 44.0 | 76.8 45.8 | 51.3 | 48.0 | 75.6 46.0 | 76.2 66.5 | 86.1 | 51.8 | 30.4 32.2 | 3.9 
7| 55.5 | 51.5 | 48.7 | 78.1 56.8 | 55.2 | 54.2 | 91.2 d1.4 84.7 68.5) 42.9 | 55.9 1 25.6 82.3 |10.6 
8] 55.8 | 58.2 | 51.9 | 88.2 67.7 | 58.2 | 42.4 | 40.0 47.2.) 64.1 77.8 | 42.5 | 60.1 | 35.3 88.4 | 4.1 
9} 61.5 | 55.2 | 51.2 | 69.0 64.2 | 58.0 | 45.0 | 49.8 48.17| 59.4 71.4 | 56.4 | 65.4 | 18.0 49.8 | 6.6 
10} 62.4 | 56.3 | 52 6 | 70.3 59.0 |°54.5 | 51.6") 76.7 Dal} 7305 73.8 | 46.6 | 60.2 | 27.2 41.7 | 4.9 
TU) 57.5) deen) 08.8) 187.5 65.5 | 59.8 | 56.8 | 73.3 55.3 | 80.4 73.3 | 51.8 | 62.6 | 21.5 49.8 | 2.0 
12) 68.2 | 58.2 | 55.4 | 75.7 68.2 | 59.8 | 55.2 | 63.2 55.3 | 69.4 84.0 | 46.2 | 65.1 | 37.8 43.0 | 3.2 
13) (68-2 158.0) | 55.0 1 74.7 64.5 | 57.8 | 58.9 | (8.5 54.5 | 71.6 79.5 | 50.8 | 65.1 | 28.7 46.0 | 4.8 
1416525. (958.0) 158-7) 65.5 69.2 | 61.4 | 57.5 | 66.0 55.6 | 65.8 81.0 | 50.5 | 65.8 | 30.5 45.8 | 4.7 
15) 67.4 | 59.2 | 54.7 | 63.6 |! 72.4 | 68.0 | 58.4 | 62.2 56.5 | 62.9 88.0 | 52.8 | 70.4 | 35.2 47.6 | 5.2 
16! 67.0 | 56.8 | 50.5 | 55.5 |) 66.3 | 46.0 | 22.4 | 18.9 36.5 | 87:2 76.7 | 47.5 | 62.1 | 29.2 41.0 | 6.5 
17| 59.2 | 47.0 | 35.8 | 41.6 || 66.0 | 49.0 30.2 29.7 84.0 | 35.6 7.8 | 46.7 | 62.2 | 31.1 89.0 | 7.7 
18/ 56.5 | 49.0 | 43.1 | 60.8 66.8 | 56.0 | 49.1 | 53.0 46.1 | 56.9 15.5 | 39.0 | 57.3') 86:5 85.0 | 4.0 
19), 63.5 | 569.0 /96.7 1 78.4 71.0 | 61.5 | 56.6 | 60.3 56.6 | 69.4 85.1 | 48.5 | 66.8 | 36.6 44.2 | 4.8 
20) 68.0 | 62.0 | 59.0 | 72.9 Th Oa 6Se0N 159.60) 60.2 59.3 | 69.5 85.0 | 54.3 | 69.6 | 80.7 49.4 | 4.9 
21) 67.0 | 59.0 | 54.6 | 64.2 69.3 | 60.5 | 54.8 | 62.1 bb.2 | 68.2 87.0 | 56.2 | 71.6 | 30.8 AD Vel oe 
22) 60.0 | 57.5 | 56.1 | 86.9 67.7 | 57.5. | 50.3) | 54.0 53.2 | 70.4 90.1 | 46.0 | 68.1 | 44.1 43.3 | 2.7 
23] 68.5 | 57.0 | 49.8 | 51.5 70.0 | 59.1 | 58.1 | 99.4 } Hy Late pay taya) 43.7 | 45.8 | 64.7 | 87.9 42.2 | 3.6 
24) 62.8 | 57.8 | 55.0 | 75.5 67.0 | 61.0 | 57,9 | 72.6 |} 56.4 | 74.0 69.4 | 56.8 | 68.1 | 12.4 50.4 | 6.4 
2)|| 58.8 | DB-2 | 58,0 |. 99.4 59.1 | 58.0 | 57.4 | 94.1 5D.2 | 96.8 68.8 | 52.7 | 60.8 | 16.1 52.4 253 
26] 60.2 | 57.8 | 56.5 | 87.4 |; 69.0 | 57.0 | 49.5 | 50.0 53.0 | 68.7 76.5.|.55.0 | 65.7 | 21.5 | 50.8 “1.2 
27] 68.0 | 58.0 | 55.2 | 75.6 66.0 | 57.2 | 52.0 | 60.5 53.6 | 68.0 78.1 | 48.2 | 68.2 | 29.9 44.0 | 4.2 
28] 67.2 | 57.2 | 51.1 | 56.4 69.5 | 55.8 | 45.6 | 42.4 48.4 | 49.4 84.8 | 58.8 | 69.3 | 31.0 48.0 | 5.8 
29 63.5.) 58.2.) 52.2 | 56.0 70.5 | 59.0 | 52.8 | 52.8 b2.2) 1354.4 8055, S128 1 OG6UE 1 SSar Gea 
30] 68.0 | 59.0 | 56.9 | 80.3 78.2 | 59.8.) 62.2 | 47.7 54.6 | 64.0 Bove 1 49.0 | 6728-1 868 44.5 | 4.6 
M/ 60.35] 54.88] 51.47] 73.66] | 63.92] 55.41] 49.54) 64.38) | 50.47] 69.02 | 77.58] 48.24) 63.14] 28.87] 43.50)4.74 


The highest or lowest readings of the month are underlined. 


Pee ae , ps 
METEOROLOGY OF 1897. aT 
TABLE 1—Continued. 
FORT COLLINS, COLO., FOR MONTH OF JUNE, 1897. 
Barometer, Cor- || | Le 
rected for Tem- | Tercenan oe 
peratureandIn-|) PRECIPITATION : ae ACTINOMETER 
strumental Er- || of Wind || oe 
ror. ES é 
fi te | ia Sea || (le ec Ee} 2 A 
Sa oa | se lessee ot. (ee | Ble | 2) 3 ls 
H) 4] alse | eg feegs| «| lee. 8 (Z2| 2] 2 |S 
4 ~ x {a 4 < —-cs TD . . je = E| ad tm o ge g 
2} 2) 4 88 | ee eeeies] 2 | = Est) 2 Zale] |: 
| | aa) | ao fE=s/2°]] * cael m a) a & 
Ins. | Ins | Ins 2 Ins. {Ins M.les!} © | C C Cal 
24.748}24.765 24.756)! a 18 | mw] Sw || 70051] Soe e8 | lee al eee || eee 
24.882)24 .975|14.929 mE -20 nw Ww 181.3/) 31.9 | 25.6 6.2 (ee ie ee 
25 138/25 .101|25.119 m & LZ sw }]}sw 122.0}! 44.0 | 25.8 | 18.2 | 12.46]) Lt F 
25 .168}25 . 120) 25.144 =o -16 8 Ww n 148.6)) 44.6 | 27.5 | 17.1 | 11.81 D 
25 .040}25 09825 094 BS -O4 nwisw 151.8 3.2 | 22.0 | 11.2 Ti Fah okra 
25 .151/25.087\25.119 g 04 0 sw DROSS occ Ral era blogs D 
25 .055|25 .062|25 059) DB 67 6) jnlwit 84/81) S80) 24S 01s tail 5ne7| meee 
24 941/24 856) 24.903 ea 0 Ww 221.2 Cavell sheleae |ca eaeeael Reet D 
24 .888/24.858}24.873)'1:30p.m /2:20p.m|] .0L e e DAB DU os geet hates ered eect tore ee 
24.946) 25 060/25 .003}|1:30p.m/3:0Up.m] .01 e Ww 483'9)) 561.8) 84.6 (elzo2 ch Toshi eee 
25 .113!25 .021/25.067/|7:30p.m| Nt. U8 yee eae 126.9)| 48.0 | 30.7 | 17.8 | 12.26))..:... 
DOLE OF TISE SOE ccs. ckiexclf a ates tadesae e nw 104.6}| 50.7 | 31.3 | 19.4 | 18.92 D 
OA OBSI24 SSOZE OUT ooo. we laces owen 0 e MB. Bi a ajc Beret [lee are afore Oren al ea 
be UB S| rr re | aren e ne 148/5)) 52045) Siecle Love dle 25)| eee 
Dh OL ae NOE. DOL err on | oe ew amicsbs on aca 0 nw WDD: Ul stexscaoved| aeevetederth caccteranerel lpsaseeratete D 
PALOOR A UME OY PLOT! 2 caf) x6 etc, anastfieernnce Ww Ww 830.11) 47.4 f 8222 22) Or eae ce 
24.919 24.809}24.8641)........ sw \nw 201.91) 45.9 | 80.7 | 15.320); 10.68) 95... 
25. 020)24 -987}24. 9791] ows. pee ees ne|jne 186.9 oc Alo alee eee D 
va | eg Sn 32] ea ri ce ne |nw 105.3]| 49.4 | 85.0 | 14.4 | 10.43 D 
DOO oO HUA P CO LVA\ |e arae ce ops) veers rene ; e ne MAT STAN stor vpettacol iota cakes sien oer | eaeeeees D 
25-097 24 .980|25.038]|1:30p.m/2:35p.m! 11 awlnw || 91.31] 48.8; 34.7 | 9.1] 6.44/]Ltp 
24 .930)24 850 7; Bike, Ln (ey ae | Ny ss ae aC 0 ne ESO. Bil c/o celle yore all ranean alles D 
PALOOS 24 SOS 24 SSS|i| 6... aac olf. cee weve feat oe e e 142.2} 47.8 | 85.4 | 12.4 8.93) eames 
25 007/25 .066|25.037||8:30p.m|....... |......].... e 8e 169.3)| 28.6 | 21.9 6.7 4.26;| D 
25.124/24.996)25.025])........ 7:00p.m}| .28 se se Bat foenree Secs eer esl |l (attececs 
24.984/24.801/24.892))........ /2:00p.m AP nwi|sw 155.5}] 48.2 | 84.0 | 14.2 | 10.20 D 
Dede POO TON). sca eeh ohce os eemleesesell as e nw 112.1) a RAN eed ae D 
24 .887|24 .902/24.895 Nt. Nt. Wie ne et! 161.2 SL. | 86.9 P1478 1OLO0 i eee 
POP DAT ET co SUSU cack Si]'sk crete: Sr iss we Nl Seo ilimrete ote tore eer eer ahs D 
aA ZO Oot Om POU A |e ccc or ell coe whee sw |s || 126.91) 51.8 | 87.1 | 14.2 | 10.44 D 
24 .987/ 24.942) 24.964))........)-.-000-- DOG Rete ere Rly es | 143.4]| 44.65) 80.94) 18.71) 9.69]]...... 
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TABLE 1. 
METEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 


OO IS Oe CDSE 


TEMP,, DEW POINT AND RELATIVE HUMIDITY Ke > 2 2 © Terres- 
reel) Be 5 5 3 trial* 
S aS, a e cea Radiati 
7 ALM 7PM le Bele | eee ie 
geist fleglée 
- elleals Sag/sg elo 
o esis Bees sciag wo} 8 
45 A cs so | 2S | > S & & Ea) 39.4/ 5 
pelsSi bale gi peissl|eeiS ais [eels ja is a |/2e9) 5 
® 3 4 zg oS 
AB|EGIAGISSIAG/EFAIGA\EE A jAxlla [a [A | & |eRal 
“ a ™ Per B ae Per 5 Per e Fe EF: FF: O | A 
3 : _ Cent. ? = Cent. 2 Cent ¥ F F 
50>) 5822) | 55-5: | 7625 F204 59 sda) 52°53) (50.1 53.9 | 63.3 88.8 | 50.4 | 69.6 | 38.4 44.5 5.9 
Br | 60.0 | 54:7 | 48:9 || 27:5 | 84.0-| 51.8 | 81.2 || 53.2 | 70.0 |] 86.5 | 51.0 | 68.7 | 85:5 || 47.0 lao 
58.8 | 49.0 | 45.7 | 75. 59.0 | 47.0 | 86.0 | 42.3 40.9 99.1 72.6 54.0 63.3 |} 18.6 50.9 |3.1 
59.5 | 50.5 | 43.6 | 55.7 64.0 | 51.0 | 40.7 | 42.57]] 42.1 | 49.1 76.3 | 41.4 | 58.9 | 34.9 85.5 15.9 
61.0 | 51.8 | 45.1 | 55.9 70.1 | 65.0 | 62.7 | 77.4 53.9 | 66.6 89.9 | 42.9 | 66.4 | 47.0 36.3 6.6 
69.0 | 58.8 | 52.9 | 56.6 72.0 | 68.0 | 58.6 | 62.6 55.8 | 59.6 90.6 | 51.4 | 71.0 | 29.2 44.2 17.2 
66.2 | 54.0 | 45.5 | 47.4 75.0 | 64.0 | 58.7 | 57.0 52.1 | 52.2 4.8 51.0 | 72.9 | 48.8 43.8 |7.2 
73.0 | 63.8 | 59.4 | 62.7 61.5 | 61.0 | 60.7 | 97.4 60.0 | 80.1 89.3 | 55.4 | 72.3 | 33.9 49.0 |6.4 
59.3 | 59.2 | 59.2 | 99.4 58.5 | 56.0 | 54.5 | 6.7 56.9 93.0 66.9 | 57.9 | 62.4 9.0 56.4 |1.5 
56.0 | 54.0 | 52.9 | 88.9 || 63.5 ; 58.0 | 54.9 | 73.5 53.9 | 81.2 74.5 | 47.4 | 61.0 | 27.1 43.2 |4.2 
63.5 | 57.5 | 54.0 | 71.2 || 72.0 | 60.0 | 53.3 | 52.0 53.6 | 61.6 82.0 | 48.0 | 65.0 | 34.0 43.3 14.7 
64.6 | 59.6 | 57.0 | 76.1 72.0 | 62.8 | 58.3 | 62.3 57.7 | 69.2 84.1-|.51.7 | 67.9 | 32.4 46.5 15.2 
66.2 | 60.6 | 57.7 | 74.0 || 72.4 | 61.8 | 56.4 | 57.1 57.0 | 65.6 93.0 | 50.0 | 71.5 | 43.0 44.8 [5.2 
63.0 | 57.2 | 53.9 | 71.9 || 61.0 | 56.5 | 58.8 | 77.3 53.9 | 74.6 77.0 | 64.3 | 70.6 | 12.7 45.2 119.1 
61.5 | 57.5 | 55.2 | 79.9 |) 70.0 | 59.2 | 58.1 | 55.1 54.0 | 67:5 83.8 | 45.4 | 64.6 | 38.4 41.1 14.3 
69.0 | 59.8 | 54.7 | 60.4 || 69.0 | 57.0 | 49.5 | 50.0 52.1 | 55.2 82.3 | 50.5 | 66.4 | 31.8 46.1 14.4 
63.0 | 56.2 | 52.1 | 67.4 || 66.0 | 59.3 | 55.7 | 69.2 53.9 | 68.3 85.2 | 49.8 | 67.5 | 35.4 44.9 |4.9 
59.6 | 55.2 | 52.5 | 77.4 58.3 |-56.0 | 54.6 | 87.7 53.6 | 82.5 74.6 | 52.5 | 638.6 | 22.1 48.2 14.3 
52.8 | 49.7 | 47.8 | 85.0 53.7 | 51.2 | 48.8 | 85.8 48.3 | 85.4 62.1 | 48.1 | 55.1 | 14.0 46.6 /1.5 
54.5 | 51.5 | 49.4 | 83.2 64.4 | 57.4 | 53.8 | 67.2 51.3 | Wac2 76.9 | 88.9 | 57.9 | 88.0 86.0 70 
62.0 | 56.8 | 52.8 | 72.0 || 66.0 | 61.0 | 58.5 | 76.6 57.7 | 74.8 85.0 | 44.8 | 64.9 | 40.2 40.2 14.6 
61.2 | 56.2 | 53.2 | 75.0 || 68.0 | 59.3 | 54.5 | 61.9 53.8 | 68.5 84.1 | 52.6 | 68.3 | 31.5 45.9 16.7 
64.0 | 59.2 | 56.6 | 76.9 || 60.0 | 58.3 | 57.8 | 91.0 57.0 | 83.9 || 88.0 | 51.3 | 67.2 | 31.7 45.7 |5.6 
58.2 | 56.6 |°55.7 | 91.8 62.0 | 57.8) 55.5 | 79.1 55.6 | 85.2 76.0 | 54.4 | 65.2 | 21.6 51.0 13.4 
63.0 | 59.3 | 57.3 | 81.7 72.2 | 57.2 | 47.6 | 41.4 52.4 | 61.6 87.0 | 48.1 | 67.5 | 38.9 44.0 |4.1 
64.3 | 58.1 | 54.6 | 70.6 FZ bbnowlea Sea eso.D 48.9 | 53.0 || 87.1 | 48.4 | 67.8 | 38.7 41.8 |6.6 
62.3 | 56.7 | 53.4 | 72.6 71.8 | 55.8 | 44.8 | 38.1 49.1 | 55.4 88.6 | 48.4 | 68.5 | 40.2 42.8 15.6 
64.5 | 59.0 | 56.0 | 73.8 69.5 | 61.0 | 56.5 | 63.3 56.3 | 68.5 94.0 | 46.9 | 70.4 | 47.1 40.1 |6.8 
65.8 | 59.5 | 56.0 | 70.8 71:0 | -60-3 | 54.5, | 56.0 55.2 | 638.4 90.9 | 49.3 | 70.1 | 41.6 41.9 |7.4 
66.5 | 60.0 | 56.5 | 70.2 78.8 | 60.0 | 50.1 | 39.2 68.2 | 64.7 85.0") 57.9} Tb | 27 49.0 |8.9 
71.0 | 62.3 | 58.0 | 68.3 TLS \ 60. 25| 6528) eb. 56.9 | 60.5 89.0 | 57.8 | 73.4 | 81.2 50.9 |6.9 
62.90} 57.01] 58.51] 72.341] 66.86} 58.28 53.10) 63.68] | 53.30} 68.01]| 83.25) 50.38) 66.82} 82.87]| 44.74]5.65. 


The highest or lowest readings of the month are underlined. 
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TABLE 1.—Continued. 
FORT COLLINS, COLO., FOR MONTH OF JULY, 1897, 
Barometer, Cor- Bas 
rected for Tem- Di d a5 
peratureandIn-!} PRECIPITATION. PEORIGDY Hees ACTINOMETER 
strumental Er. of Wind ae 
ror. g . B 
2] 5 Seti a 
< 5 q gv ole } B a tox e =I 
a | # a || Oa] Oe [a8a Bell a los aee|] § | 2 oe ee 6 
: = og | on lp aZlasil| | Se llth ten @e2| & S ~ 
a)" | So) ae) aS Seer = | * sas] Ss Veet le ie 
poe BS | ea esses} = | = ies Pea (tae a sine jets all 
Ins. | Ins. | Ins. Miles C C {| C })Cal. 
25 .019)24.878)24. 948} 8 W 118.9]| 43.5°| 34.6 8.9 | 6.29|) D 
24.726] 24.677|24.702| nw || 288.6]|...... RI | Peeters soe, ool lea) 
24.724) 24.850] 24.780 me {i} 192-810 toa ls atten 
25 .000|24.981|24 990|] .... 2220) SIDI ne || 140.6/|...... clea [eee D 
25 024/24. 832)24. 928 n w || 158.5 (ie ae AN Ta ak Bev BeBe aceon 
24.942)24.742124 842/)...... 2 FCW. |||) BAO To scssos| Gece orein leet | evens D 
24 .964|24.875]24.920) nw || 140.8]| 56.8 | 42.7 | 14.1 | 10.82) D 
24.991] 25 .135|25 063 n 188.4|| 41.8 | 84.0:1 728°) 40 
25 16725 .184|25.175 ne ok) | ieee Pe lance aa ee Mites 
25. 285)|25. 249125. 267 8 Ww 113.3)| 45.0 | 80.2 | 14.8 | 10.34)|...... 
25.290) 25.233 25.262) Sw P28 EN ice ol eer cate D 
25. 206| 25 .114|25 190 ne || 113.2]] 50.0 | 35.4 | 14.6 | 10.61/| D 
25 .063]24.951]25 .007 PE sal te || eed aioeon |! cecsellancsic: D 
25 051/25. 111/25 .081|| 7 a. m e || 143.5)|...... pene emia aoe (Ioan 
25.112125 .060]25 .086' se || 112.1/] 51.0 | 36.5 | 14.5 | 10.62|| D 
25 .086]24.988]25 .037 5Ww 126.2)| 40.7 | 31.4 9.3 | 12.96 D 
24..988|24.931|24.959 sw || 139.9|| 52.1 | 36.8 | 15.3 | 11.27.) D 
25 .093|25 05° |25.076 TWH TOA AS chee. ee Pee ore | are 
25 . 229)25.227/25.228 se 130.0) £427 Woy BAS eh Soi ee ae 
25188125 .074/25.131 SW TAS OH See econ bere Evy 
25 091°] 25 .010|25 .050 nw || 114.1]! 51.7 | 37.7 | 14.0 | 10.34) D 
25 .024)24.936]24.980 ne 96.7|| 47.0 | 84.8 | 12.2 8.74|| D 
25.029} 25 .130}25.080 Ww 160.8]} 57.7 ) 40.6 | 17.1 | 13.12!) D 
25 .065}25.0387]25.051 5 WwW 121.0|) 50.1 | 84.2 | 15.9) WL.5| 2.2 oe 
25 .154)25 . 204/25 .179) e TT ee eee ae'| teeteghere [mares D 
25.249) 25.262)25.255 Ww 136.2]| 44.9 | 35.9 9.0 6,42|| D 
25, 233/25 .140)25.187 WwW JAS).3) ho Pde aaa rental eats D 
25.1538/25.072|25.112 nw || 100.1|| 58.6 | 43.6 | 15.0 | 11°63]) D 
25 090/25 .060/25 .075 e D1) Wh ene ope mat ln ot a D 
25.171/25.090)25.181 5 WwW TOOLO) ld cree Vetter eee a eee D 
25.145/25.123/25.1384 Nt. Nt. Me sw | sw 114.3]; 54.0 | 89.4 | 14.6 | 10.941)..... 
25 084/25 .039]25.061)|.....---|..-.---- DOO Aig aisces lite vntsdniedl eas cara 187.9}| 49.28] 86.01} 13.27 10.07] Rate ed 
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34 
SWAG Te Biel, 
METEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 
he) eee = | Nee | 
TEMP., DEW POINT AND RELATIVE HUMIDITY | as £ eS z | Terres- 
ply ea s eres) ao PI 5 Sl ee trial 
| \| i ord x a oc | yd nae 
1 A.M. 1} i P.M he ere a Fes By a | Radiation 
PoP} ga & = al al 
creel = \Sei|esBle ble 6) 8B | 
A) 2 | 8 jes 2 lcs (PF asia bles |seae eee 
(rep eats ietretn ag Gyo Meats ia aes | LS pe) oe 
| = — ——— ee == — =? 
x Per ‘ ie a2 aiLiPer » i Per 3 " Z ee, é - 
# F ¥ Cent. # | E : 'Cent.|| a Cent. 2 2 eee _ 4 
1| 66.0 | 61.3 | 59.0 | 78.0 |]°70.0 | 58.1 | 51.0 | 51.0 |! 55.0 | 64.5 |! 86.1 | 58.5 | 69.8 | 32.5 |} 48.2 ]5.4 
2| 65.5 | 59.8 | 56.8 | 73.3 |] 65.0 | 61.3 | 59.4 | 82.2 |] 58.1 | 77.7 || 82.1 | 55.9 | 69.0 | 26.2 || 48.3 17.6 
3| 61.0 | 58.3 | 56.8 | 86.2 || 60.9 | 58.8 | 58.2 | 98.7 || 57.5 | 90.0 || 74.2 | 56.8 | 65.5 | 17.4 |] 52.5 14.3 
4| 58.8 | 58.2 | 57.9 | 96.7 |] 61.2 | 61.2 | 61.2 [100.0 || 59.5 | 98.3 |] 68.7 | 57.4 | 63.1 | 11.3 || 52.8 45.1 
5| 61.0 | 59.5 | 58.7 | 92.2 |) 69.0 | 65.3 | 62.6 | 83.2 || 61.2 | 87.7 || 82.4 | 58.8 | 70.6 23.6 || 58.1 10.7 
6| 65.1 | 61.1 | 59.1 | 90.8 |] 62.0 | 61.2 Pou-8 | 95.8 || 59.9 | 88.3 |] 86.6 | 54.5 | 70.5 | 32.1 |] 49.7 Is 
7| 58.5 | 57.0 | 56.1 | 91.9 || 66.2 | 61.1 | 58.6 | 76.2 || 57.4 | 84.1 || 85.5 | 52.8 | 69.2 | 32.7 || 46 8 16.5 
| 64.6 | 61.5 | 60.0 | 85.0 |] 67.0 | 61.1 | 58.1 | 73.0 || 59.0 | 79.0 |] 80.3 | 54.2 | 67.2 | 26.1 || 48.0 |6.2 
9} 59.5 | 59.5 | 59.5 {100.0 || 66.5 | 61.5 | 59.0 | 76.8 || 59.3] 88.4 || 81.2 | 55.7 | 68.5 | 25.5 || 49.5 |6.2 
10| 62.3 | 59.3 | 57.7 | 85.u || 67.3 | 68.2 | 61.3 | 81. 59.5 | 88.0 || 77.0 | 53.7 | 65.8 | 23.8 || 49.4 14.3 
11| 60.1 | 60.1 | 60.1 {100.0 || 67.0 | 59.2 | 54.9 | 65.0 || 57.5 | 82.5 || 85.8 | 55.4 | 70.6 | 30.4 || 49.3 16.1 
12] 62.8 | 58.0 | 55 3 | 76.4 || 68.1 | 58.1 | 52.2 | 56.9 || 53.7] 66.6 || 89.2 | 49.6 | 69.4 | 39.6 || 44.0 [5.6 
13] 69.7 | 58.1 | 51.2 | 51.9 || 68.1 | 59.0 | 53.9 | 60.4 || 52.6 | 56.2 || 87.0 | 54.5 | 70.8 | 32.5 || 49.5 |5.0 
14| 60.9 | 56.3 | 53.6 | 76.9 |] 68.7 | 60.7 | 56.5 | 65.0 || 55.0 | 10.9 || 78.9 | 54.6 | 66.7 | 24.3 || 49.7 14.9 
15| 59.8 | 53.1 | 43.6 | 66.4 || 61.0 | 56.2 | 53.3 | 75.9 || 51.0 | 71.2 || 75.5 | 56.9 | 68.2 | 18.6 || 52.1 |4.8 
16| 60.8 | 56.9] 54.6 | 80.2 || 67.1 | 59.0 | 54.5 | 63 8 || 54.6 | 72.0 1| 84.7 | 48.8 | 66.8 | 35.9 |] 44.7 14.1 
17| 61.1 | 56.1 | 53.1 | 74.9 || 63.1 | 56.2 | 52.6 | 71.4 |] 52.9 | 73.1 || 80.8 | 47.8 | 64.3 | 38.0 || 45.4 |2.4 
18| 56.8 | 53.1 | 50.7 | 8.0 |] 60.0 | 56.8 | 55.0 | 88.5 || 52.8 | 91.8 |] 77.1 | 47.9 | 62.5 | 29.2 |) 43.1 [4.8 
19] 58.0 | 58.2 | 50.0 | 74.8 |] 59.9 | 54.4] 50.9 | 72.2 || 50.5 | 73.5 || 79.1 | 43.2 | 61.1 | 35.9 | 40.1 [3.1 
20| 58.9 | 53.9 | 50.7 | 74.2 |] 60.9 | 53.7 | 49.0 | 6t.7 |} 49.8 | 69.4 || 83.0 | 42.7 | 62.9] 40.8 || 39.9 2.8 
21] 56.1 | 53.1 | 51.1 | 8¢.6 |] 62.1 | 54.0 | 48.6 | 61.3 || 49.9 | 72.5 || 77.0 |od.0 | 61.0 | 32.0 | |"4u-9 [44 
99) 58.9 | 54.9 | 52.4 | 79.2 |! 63.3 | 55.9 | 51.3 | 64.9 || 51.8 | 72.0 |] 82.6 | 46°0 | 64.3 | 36.6 |] 41.7 14.3 
93| 64.8 | 58.9 | 46.8 | 51.4 || 63.8 | 55.8 | 50.9 | 62.7 || 48.6 | 57.1 || 80.9 | 51.1 | 66.0 | 29.8 || 44.2 16.9 
94| 57°8 | 53.2 | 50.2 | 75.7 || 66.3 | 55.0 | 47.5 | 50.9 || 48.9 | 63.3 |] 91.1 | 45.1 | 68.1 | 46.0 || 41.0 |4.1 
95) 58.9 | 54.1 | 51.0 | 72.1 |] 73.8 | 38.2 | 36.8 | 26.7 || 43.9 | 50.9 || 93.5 | 45.0 | 69.2 | 48.5 || 40 2 |4.8 
26| 68.0 | 54.9 | 49.7 | 61.8 |] 61.8 | 54.3 | 49-3 | 63-4 |] 49.4 | 62.6 || 76.8 | 59.7 | 68.3 | 47.1 || 51.7 18.0 
27| 60.0 | 55 3 | 52.4 | 76.0 || 66.7 | 57.4 | 51.8 | 58.8 |] 52.1 | 67.4 || 88.1 | 48.3 | 65.7 | 34.8 || 44.0 12.3 
98) 68.2 | 57.9 | 54.9 | 74.8 || 70.6 | 56.1 | 46.4 | 42.2 |] 50.7 | 58.2 || 83.6 | 50.8 | 67.2 | 82.8] 1] 45.9 14.9 
901 53.8 | 58.5 | 58.2 | 98.3 |] 63.9 | 55.7 | 50.6 | 61.9 |] 51.9 | 80.1 || 78.7 | 54.8 | 68.7 | 23.9 || 50.8 14.0 
30| 59.1 | 55.1 | 52.6 | 79.2 |] 70.1 | 58.0 | 50.7 | 50.3 || 516 | 64.8 |] 87.7 | 46.8 | 67.3 | 40.9 || 43.7 184 
31] 60.1 | 53.7 | 49.5 | 67.9 |] 65.2 | 51.7 | 41.2 | 41.7 || 45.4 | 54.8 |] 91.3 | 46.0 | 68.6 | 45.3 || 43.0 13.0 
M| 60.87] 56.58| 53.96] 78.95]] 65.30] 57.84] 53.19] 66.98/] 53.58] 72.96]| 32.81] 51.40] 66.85] 80.91] | 46.6814.72 


The highest or lowest readings of the month are underlined. 
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FORT COLLINS, COLO., FOR MONTH OF 


TABLE 1.—Continued. 


AUGUST, 1897. 


Barometer 


I 


25.083 25.070 25. 


5.276 26.295 |25 .¢ 


Dolohone 


| 
: -161/25.095 25. p 


Cor- 
rected for Tem- 
perature and In- 
strumental —-Hr- 
ror 


PRECIPITATION 


| 
| 
| 
| 
| 


Mean 


| | : 
ns. | Ins. | Ins. 

| 
Let 25.030 25. 
-162 25.173 25. 
- 286 25.22 
-241'25.180)2 
149 25. 


4 


5.128 25 .088 25. 
5. 201'25.155|25. 
5.162 25. 


-U53 24. 
-O11 25. 


Time of 
Beginning 
Time of 
Ending 


| 


da 


MIt’d Snow 


T. tal Am’t 
Rain < 


of Snow 


ishrspm]........ 
'8:50p.m|4 p. m. 


Spain eeeeey 
6:50a.m}|7:25a m 


‘|Av’g Depth 


Dp 


BRO 
2eo°? B4g?o 


B nD foW= ie ae ==) bB D 
gSg Soa SoggcoghaghPaaoccg 


DR 


Direction | 
|} of Wind 


nD 


cits} 


is} QD 
ocd? 40% 


BOppops 
2444004 


i=} 


D 


® © 
Saves 


x 


corrected by that amount. 


The reading in original seems by the aneroid to be .5 inc 


ACTINOMETER 
z 
© 
rene 
eat hee he oe ze ae) 
aA calcein S e 
ee i;ae ra) BS a 
Miles C C C Cal. 
LO TAG! | estes paroiede dept reaete eereeee D 
181.6}| 51.2) |) BVA VAD ah LOFT D 
bose eeicnael amet an | irooeeen [Pacers ae hlaveaeeees 
102.9)| 23.5 | 20.2 3.8 TSS eae 
99.1|| 48.2 | 34.2 | 14.0 | 10.561) ...... 
109.6}| 52.4 | 37.6 | 14.8 | 10.95 D 
AOD Peco a jaca bel | teestee eat aera eae D 
oO Us Wis) fee emer (EE cers | taco D 
106.1}| 49.4 | 84.9 | 14.5 |} 10.50]} D 
i el | ee ta | Oa epe PSR ee te || ais, cc 
96 4]| 51.7 | 37.5 | 14.2 | 10.55 D 
128.4]| 58.0 | 38.4 | 14.6 | 10.86)) D 
HEL Ua ese peer ells vac -alacemee D 
108.8]| 48.6 | 33.8 | 14.8 | 10.63]; D 
OO All een eal eee ries wero D 
89.41| 50.7 | 86.0 | 14.7 | 10.74|)|Hv D 
15228) | cron | tel naeeeae feet! Hv D 
102.0]| 47.1 | 32.0 | 15.1 | 10.71); Hv D 
97.0]) 49.7 | 84.5 | 15.2 1.00|}|Hv D 
AAO Ee He eesti leeeis ee baie ca Hy D 
120.8}) 49.0 | 88.6 | 15.4 | 11.07 D 
Bag Gt ery Petes orl (ea orl toric cuct D 
£18.4]) 52.051 85-8 1h 1de2))) 0 a ee 
980s eectd eines ee elle Sad D 
165.5)|| 58.1 | 42.9 | 14.2 | 11.65 D 
128.9}| 51.0 | 84.2 | 16.8 | 12.20)]...... 
128.9)| 88.7 | 22.5 5.2 3.46 D 
148.7|| 34.7 | 28.0 6.7 4.46) D 
OBrien eat i aaaitlahateced Meters R 
105.7)| 58.0 |-88.7 | 14.3 | 10.65 D 
2 Olle ae eee oeenena Soir igen soins 1) 
117.2 47.56! 34.33) 13.23] 9.64 [osee ee 
1es in error and this is therefore 


METEOROLOGY OF 1897. 


TABLE 1. 
METEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 


00 FO OPO Ne 


TEMP., DEW POINT AND RELATIVE HUMIDITY. & Terres- 

3 3 z ¢ ¢ ¢ trial 
eB = 5 e e Radiation 

A. M. 7 P.M. So iS + ~~ 1S 
7 A.M Blas © Slee 

5 = ——-||9¢/€Ol]e2l_es)e 2 — 

is | Eat $o/|a4 0 Sa eeepc || 42 q 

o|,e(fsll oleate el Ps |SAlL Eas 221s 6) celine 
ESSE SSE FSISE (SE Selle [BERS / 25/35] & Ets] = 
mieFAaia a fe Q = & oS Sx x 4 x 3 Tite alaaeh 
Bile z seg BIA |Sai/s ja ja me g/ 3 
a3 : Per Per Per i in 

° jo ° ° ° ° ° : ° F ° jo F ° ° 

F . a Oent 2 : Cent e Cent a F + 2 
56.7 | 51.1 | 47.4 | 71.2 || 67.3 | 56.9 | 50.5 | 54.9 || 48.9 | 63.0 || 87.0 | 58.9 | 70.4 | 33 1 |} 49.0 |4.9 
59.8 | 54.9 | 52.1 | 77.3 |] 65.5 | 56.3 | 50.6 | 58.6 || 51.4 | 68.0 |] 87.2 | 49.0 | 68.1 | 38.2 || 44.5 |4.5. 
61.0 | 56.6 | 54.0 | 77.8 || 64.0 | 54.2 | 47.7 | 55.3 || 50.8 | 66.5 || 88.0 | 53.3 | 70.7 | 34.7 || 49.0 [4.3 
65.0 | 52.8 | 43.9 | 46.5 || 70 8 | 55.0 | 43.9 | 38.0 || 43.9 | 42.3 || 89.0 | 46.2 | 67.6 | 42.8 || 42.5 13.7 
61.0 | 53.1 | 47.7 | 61.6 || 76.2 | 54.2 | 36.4 | 23.9 || 42.1 | 42.7 || 87.2 | 50.0 | 68.6 | 37.2 || 44.2 |5.8 
64.4 | 58.2 | 54.7 | 70.7 || 64.1 | 56.0 | 51.0 | 62.4 |] 52.8 | 66.6 || 89.0 | 49.0 | 69.0 | 40.0 || 46.0 13.0 
64.6 | 54.6 | 48.0 | 54.8 ||°71.8 | 60.5 | 54.3 | 54.8 |] 51.2 | 54.5 |] 89.8 | 51.3 | 70.5 | 88.5 || 47.0 4.8 
62.0 | 56.0 | 52.3 | 70.6 || 69.2 | 57.8 | 50.9 | 52.3 |] 51.6 | 61.5 || 86.2 | 52.0 | 69.1 | 34.2 || 47.2 14.8 
54.9 | 49.5 | 45.4 | 70.5 || 55 2 | 51.0 | 48.0 | 77.0 || 46.7 | 73.7 || 62 0 | 54.0 | 48.0 | 8.0 |} 58.0 11.0 
50.6 | 50.0 | 49.6 | 96.4 |] 58.0 | 54.1 | 51.6 | 79.4 |] 50.6 | 87.9 || 68.7 | 49 0 | 58.9 | 19.7 || 48.5 [0.5 
59.8 | 57.8 | 56.8 | 9.5 || 65.0 | 59.8 [56.5 | 71.3 || 56.6 | 80.4 || 78.0 | 48.2 | 68.1 | 29.8 || 45.0 13.2 
60.3 | 57.0 | 55.2 | 83.0 |} 61.1 | 59.8 | 59.1 | 93.3 || 57.2 | 88.2 |) 82.5 | 49.0 | 65.7 | 38.5 |] 46.0 [3.0 
60.3 | 57.8 | 56.4 | 87.0 |] 61.9 | 60.L | 59.2 | 90.7 || 57.8 | 88.8 |] 82.8 | 51.3 | 67.1 | 31.5 |] 48.0 [3.3 
59.0 | 57.2 | 56.2 | 90.4 || 60.0 | 55.8 | 53.3 | 78.5 || 54.7 | 84.5 || 77.8 | 57.5 | 67.6 | 20.8 || 54.5 [3.0 
55.9 | 54.2 | 53.1 | 90.5 |] 61.7 | 52.0 | 44.9 | 54.2 |] 49.0 | 72.8 || 77.8 | 50 6 | 64.2 | 27.2 |] 48.0 12.6 
42.2 | 39.0 | 25.5 | 78.0 || 43.4 | 41.0 | 88.6 | 83.8 || 37.1] 81.9 |] 45.0 | 40.2 | 42.6 | 4.8 1) 88.5 [1.7 
41.3 | 40.0 | 58.7 | 90.8 |] 56.8 | 48 0 | 4U.7 | 54.8 || 89.7 | 72.8 || 74.2 | BR. | 54.0 4 |) 30.8 |3.5 
53.8 | 49.0 | 45.4 | 73.2 || 55.5 | 47.4 | 40.6 | 57.3 || 48.0 | 65.3 || 77.5 | 3s.u | 57-8 | 39.5. ]) 88.8 14.2 
49.3 | 46.2 | 43.6 | 81.3 || 55 0 | 49.0 | 44.4 | 67.4 |] 44.6 | 74.3 || 77.0 | 84.0 | 57.5 | 39.0 |] 84.0 [4.0 
51.2 | 47.3 | 44.2 | 77.3 || 60.1 | 53.8 | 49.7 | 68.4 || 46.9 | 72.9 || 82.0 | 44.0 | 63.0 | 38.0 || 39.0 [5.0 
56.8 | 52.1 | 48.9 | 74.9 || 60.5 | 49.0 | 89.4 | 45.7 || 44.2 | 60.3 |] 82.5 | 46.0 | 64 2 | 36.5 |! 39.2 16.8 
56.2 | 51.8 | 47.8 73.6 | 60.4 | 52.8 | 47.6 | 62.6 |) 47.7 | 68.1 || 81.8 | 47.0 | 64.4 | 34.8 |] 41.5 15.5 
58.5 | 48.0 | 43.6 | 69.4 7] 68.0 | 52.0 | 39.2 | 84.9 |] 41.4 | 52.1 |] 42.0 | 40.2 | 61.1 | 41.8 ]]......]...- 
60.2 | 53.0 | 48.1 | 64.3 )| 55.0 | 50. | 47.4 | 75.8 || 47.7 | Tu.1 || 75.5 | 56.0 | 65 8 | 19.5 |} 49.0 17.0 
58.4 | 50.0 | 47.5 | 80.7 || 57.8 | 52.2 | 48.8 | 70.7 || 47.9 | 75.7 |] 79.0 | 45.0 | 62 0 | 34.0 || 39.0 [6.0 
58.0 | 52.5 | 48.7 | 71.8 || 61.3 | 51.8 | 44.8 | 54.8 |] 46.8 | 63.01] 82.8 | 48.6 | 65.7 | 34.2 |] 43.6 [5.0 
54.2 | 49.4 | 45.8 | 73.4 || 64.0 | 54.2 | 47.7 | 55.8 |} 46.7 | 64.4 || 82.0 | 45.0 | 63.5 | 37.0 11 40.0 15.0 
48.8 | 45.0 | 41.8 | 77.1 |] 66.8 | 55.8 | 48.7 | 52.4 || 45.3 | 64.7 || 84.5 | 41.5 | 63.0 | 48.0 |} 36.5 [5.0 
53.8 | 49.6 | 46.5 | 76.5 || 60.3 | 52.7 | 47.5 | 60.3 |] 47.0 | 64.4 || 80.2 | 48.0 | 64.1 | 322 || 42.0 16.0 
54.5 | 51.9 | 50.1 | 85.4 |} 56.2 | 51.8 | 48.7 | 76.3 |] 49.4 | 80.9 || 82.1 | 46.0 | 64.0 | 36.1 |} 41.4 14.6 
56.07) 51.50} 48.30] 76.17]| 61.80} 538.52) 47.71) 62.15}| 48.00} 69.16]| 80.04] 47.3¢| 63.71] 32.65}] 43.11]4.18 


The highest or lowest readings of the month are underlin d, 
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TABLE 1,—Continued. 
FORT COLLINS, COLO., FOR MONTH OF SEPTEMBER, 1897. ' 


Barometer, Cor. ae 

rected for Tem- Direction oo 

perature and In-) PRECIPITATION 2 2.4 ACTINOMETER aS 

strumental Er-| of Wind 2B & 

ror. | a= A 

| ia ES 5g % 6 
a0 ee 4 fe) dq 
4 Ca pee eaciakh 9 | ae. 2 civ at: 
=) eee | 24 bates] = | = Ipeclseleey oe ee 
Sistas Tae Lee Sssie|| 2 | * es. ae Biel eae m 
~ = ao = cag RES - = od : 

Sot ee pe A | & 

Ins. | Ins. | Ins. | Ins. |Ins Miles}; C C Cal 
24.993)2 eee 0 | n || 95.0] 57.0 | 40.4 | 16.6 | 12.68]|...... 
2S ee ra ed ee ee’ ie | eae nw || 100.3]| 49.5 | 36.6 | 12.9] 9.40]]...... 
DEM GIP RV) hy Gr (eden al eearene 0 0 OO meee ey eee| oer s|G.P os D 
PELE A UD DIAO LOGAN sai octal honate saoerfcGeets 0 w oy at eed beeen a palo |\enages D 

Bis SPORES AOA OOM aes ss a «emia ef ortore se nwli w HANGS Oecd ver es citi Lt D 
20. Pee i ee || i) ee oa eee e fo} 0 LUG GH sorcmll'ls og calccre cal umraem D 
D5. 2 7 hac! ON I Re.) SS vitae tt TAL SGT listck cosif'd oot ses ete nee Meee D 
24.873]2 Pee OOU cart eM ccs cic Weer se se By Urea a Rs feisierts all hve: Gt D 
25.135]25. 25. ae oe el. See Poet B awe Wr PABCENEU coe “1k. crane! [sesvecettal Rierereacae | eens 
25 ..1738)25 25. 8:30a.m OL 6 0 LOPS oc8 oF lawton oct er aenee eee eee 
25. 201125 ra eet Se) oes en Cem ne free) | te: w LQG OH!) nc 28 ce ysltara cae reravenena |e oie 
25. 2: 25. 6:00p.m| .08 |....| nw 0 G0 Cail eeelrellle a reme Pornnestacnae Lt D 
25.088]: 25. 9:00p.m| .39 |.... ) ne. |p LAG 21 Hav) || Sb Sooke |e deo a eres 
25 .051/25 25. DOA ee see eae es call VE Gale Ww 10 Ay ere leet) gnealltitensell laos 1c 
25 .090}25 . 159/25 .125|)5:8Up.-m}........ 2B gl ee is | 0 e 189.U}} 52.5 | 84.5 | 18.0 | 18.17 D 
Ber. 4801 2) 408125446) |e eee pee ees 02 SW e Do} | Romer PAP Ieer rel We el erie ee NTA ee oA 
25. 2 Pete Ne ciara; 8 ouiro:|| aaron reser 0 w 250.7|| 41.5 | 26.1 | 15.4 | 10.45)| Lt F 
25 BROOO Pe steco-ajart lin mneeiee Pits seers 16 fay | Paes pel ee | eet occl cn.olurc Auge Ml aed D 
25 1 7d ory 3. | ee eee PPR Oe eee ts ore] | OR PSY erp aehs | Nec ye D 
25.3 [25.247 0 0 os ea iy eee (eae D 
Pda ati te | Gaal RAS | yo | | cs ee Pere 0 0 pS Pe -1| Men ere Wena meen iiisa nae baBla « c 
DEM TET EL ORCM CL LIN ice ctaie olf oa ao oad Peles bs 0 0 pe eee orth res] ccna: D 
Din PSOE ROO LOM atte - cru jf erecc eh aye ot eee wis nw n ATT 2M Ne. ctcge bien eral cease lteter D 
Dewi POUMS a ETS i dt ee eel Lee Ar n sw 128.9). ..5.. Srey (oe il ero ae hacer 
25 w w OBAGI. Saas atone spilieoke aeetal tessa D 
Ap LM PAM OSI) 5008 1223 7 ES Pe Aen ioe | eee n 108.6}] 5 6.2 2. sath act|| ses copeearel| te ae D 
25 0] 0 107.0]| 51.5 | 36.0 | 15.5 | 11.36 D 
25 0 Ww 98.7)| 52.4 | 86.7 | 15.7 | 11.57 D 
aa Eli (583 eG df) hee Un! el eerie || (Pmeraren nw 98.8}) 46.1 | 81.7 | 14.4 | 10.76 D 
25 0 nw 105.6]| 51.5 | 86.2 | 15 8) 11.22 D 
Zo. Looe. 098125. 1241). 22.2... | cee ae ee Ua} ese | Wepre enemas 116.1]} 50.92] 85.00) 15.92) 11.62]]...... 


* Two days record. 
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TABLE 1. 
METEOROLOGICAL KECORD AT AGRICULTURAL COLLEGE, 


TEMP., DEW POINT AND RELATIVE HUMIDITY. S g y ® | Terres- 
: a 25 3 = 5 trial 
= 3 ie & = Fe ‘Radiation 
ti Aaya. | 7 Pe. M. Hie tem aa zg elas 
nS elge te ete ee 24] 4 
| { ” 
ore 2) 2 Se ee ee ee eet eee 
peleSlieglasilp2ieLlealacdiie mS 5 4 i) & |iceal 3S 
ae oa Ales po pet 3m qo a = a & S| = 
aS BIS Sif gia tte ez ALl|S 8\\'s ee = S s al) Ge! 
SNE Ase MI ee Tee Ms ake Agila iS [a a 8 £8 
F 5 | etre 7 r . » | Per || p- Per | pe | pe | pe | Fe 2 | we 
: 4 ; a : ; ‘ ae ae 16.3 42.0 59.1 | 34.3 || 87.8 | 4.2 
5 3 j 9 0.4 | 41.9 || 48.4 | 63.6 6. : ng. ; 37.5 “ 
>| 29:0 | 45.2 | 42.2 | a2 |] 52.9 | doa | 42.4 | 55.8 || 42.2 | 6a. | 78.7 | 44.2 | 60.0 | 87.5 31.0 | 4.2 
3| 50.8 | 45.9 | 42.2 | 74.0 || 57.2 | 50.4 | 45.4 64.6 43.8 69.3 1059 43.0 ere Be He ris 
4| 43.1 ; 41.1 | 89.2 | 86.4 || 55.0 | 47.7 | 41.7 | 60.8 }| 40.4 73.6 77.0 aa se a F oe a 
5| 46.2 | 41.2 | 36.1 | 638.4 || 58.2 | 44.7 | 36.7 | 53.7 36.4 61.0 | 74.0 | 37. oe Pie ae oe 
6] 45.0 | 40.8 | 36.6 | 72.8 || 57.1 ; 45.9 | 35.3 | 44.2 || 36.0 | 58.5 ) 81.7 | 35.0 | 58.3 : a 5 
7| 45.2 | 41.3 | 37.4 | 74.9 |] 57.7 | 58.8 | 51.8 | 79.3 || 44.3 | 77.1 | 8U.2 ne ee ee yes aa 
8] 43.0 | 41.5 | 40.0 | 89.7 || 46.6 | 42.3 | 38.2 | 73.0 || 39.1 | 81.4 | 49.7 | 41. 5. ; r 1 
9) 87.8 | 83.3 | 28.0 | 69.1 || 46.2 | 42.9 4 89.8 | 79.1 || 88.9 | 74.1 | 59.2 | 33.7 46.5 25.5 || 29.9 | 3.8 
10} 48.3 | 41.2 | 33.6 | 57.3 |} 44.1 | 37.9 } 30.6 | 59.4 || 32.1 58.3 62.8 | 42.9 52.8 19.9 37.7 ye 
11} 39.7 | 36.7 | 33.2 | 78.1 || 44.8 | 38.3 | 81.4 60.8 || 82.3 | 69.5 75.9 | 32.4 54.2 43.5 Be a 
12) 38.7 | 31.8 | 29.2 | 88.5 |/58.4 | 45.0 | 87.2 | 54.3 || 83-2 | 68.9 | 71.0 27.5 49.2 | 43.5 24. Bo 
13) 41.9 | 37.8 | 33.2 | 71.7 || 58.0 | 45.0 | 81.7 | 37.1 82.5 | 54.4 | 80.0 | $9.3 | 59.7 = Ue a 3 
14) 51.6 | 44.1 | 87.0 | 57.5 || 55.7 | 45.0 | 84.5 | 45.4 || 85.7 | 51.8 | 78.0 | 38.0 | 55.5 30.0 34.0 | 4.0 
15] 36.8 | 35.0 | 32.8 | 85.6 || 38.9 | 34.9 | 29.9 | 70.3 || 31.4 | 78.0 | 63.3 | 33.0 | 43.1 30.3 28 0 5.0 
16) 30.7 | 80.7 | 30.7 100.0 || 80.1 | 30.1 | 30.1 [100.0 || 30.4 {100.0 | 35.6 | 29.3 | 32.5 63 ae 0.3 
17| 27.2 | 26.9 | 26.4 | 96.4 || 30.0 | 29.2 | 28.0 | 92.8 || 27.2 | 94.6 | 88.7 | 26.0 | 32.3 | 12.7 || 26.0 0 0. 
18} 31.2 | 29.8 | 80.2 | 96.2 || 48.4 | 37.0 | 29.2 | 57.5 || 29.7 | 76.8 | 67.0 | 28.4 47.7 38.6 23.6 | 4.8 
19] 30.4 | 29.9 | 29.2 | 95.2 || 41.9 | 37.0 | 31.1 | 68.2 30.1 } 80.7 | 69.0 | 24.0 | 46.5 45.0 19-7 os 
20} 36.6 | 8 .0 | 25.5 | 63.8 || 48.0 | 88.1 | 25.5 | 41.8 25.5 |sb2.6°\) Ted 28.7 50.2 43.0 21.3 i 
21] 82.7 | 31.7 | 30.4 | 91.1 |) 45.1 | 88.2 | 80.0 | 55.7 || 30.2 | 73.4 | 72.4 | 26.0 | 49.2 | 46.4 21.1 4.9 
22) 32.8 | 31.1 | 28.7 | 84.9 1] 48.2 | 39.0 | 27.9 | 45.8 || 28.3] 65.1 09.0 80.5 | 49°8 | 38.5 27.0 | 3.3 
23 | * 
32.1 | 30.1 | 27.2 | 81.8 || 40.1 | 35.2 | 29.0 | 64.8 || 28.1 | 73.3 | 69.8 | 30.0 | 49.9 | 39.8 25.0 5.0 
24) 84.9 | 31.9 | 27.8 | 75.3 || 47.1 | 88.9 | 29.2 | 49.8 J) 28.5 | 62.5 | 74.8 | 29.0 51.9 45.8 25.0 4.0 
25) 45.6 | 37.9 | 28.5 | 51.3 1} 39.9 | 35.2 | 29.2 | 66.0 |] 28.9 | 58.7 | 55.7 | 39.1 | 47.4 | 16.6 82.8 | 6.3 
26) 81.9 | 31.9 | 31.9 |100 0 || 26.0 | 26.0 | 26.0 (100.0 28.9 |100.0 | 33.5 |*26.0 | 29.7 7.5 ||£30.6'| 0.5 
27| 26.7 | 23.9 | 18.6 | 71.u || 84.6 | 28.2 wb .9 47.5 || 17.8 | 59.2 | 42.7 | 24.3 | 83.5 | 18.4 || 21.1 | 3.2 
28) 83.9 | 29.7 | 23.3 | 64.5 || 81.7 | 29.9 | 27.8 | 88.5 |] 25.8 | 74.0 | 51.0 | 25.7 | 88.4 | 25.3 19.2 | 6.5 
29) 30.8 | 29.2 | 26.9 | 85.0 |! 39.2 | 86.9 | 34.3 | 82.9 || 30.6 | 84 0 | 68.8 | 22.8 | 45.5 | 46.5 17.9 | 4.4 
30) 87.8 | 381.8 | 22.9 | 54.6 || 87.0 | 85.4 | 33.5 | 87.3 || 28.2 | 70.9 |*54.5 | Qt.A € 0) 38.05) LO SaaS m 
31} 34.9 | 31.7 | 27.3 | 73.6 || 84.0 | 31.1 | 27.0 5.4 || 27.1 | 74.5 | 62.0 | zo.¥ | 48.9 | 36.8 |] 19.7 | 6.6 
i y — ——— 
— ar 7 ss a Sat = le = = = a eae —— == —— 
M cel 35.40) 31.70] 77.79]| 45.35) 89.38! 32.92) 64.35 | 32.81) 71.07) 64.84) 32.25) 48.53) 82.58}! 28.32! 4.1 


* Minimum temperatnre of day occurred between 7 a. m. and 7 igh tach 
{ Richard Self Register. 
t Radiation from minimum reading at 7 a.m. 


The highest or lowest readings of the month are underlined. 
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TABLE 1.—Continued., 
FORT COLLINS, COLO., FOR MONTH OF OCTOBER, 1897. 
Barometer, Cor- Ses 
rected ior Tem- Dimechron a 
perature and In- PRECIPITATION = as AC fTINOMETER 
strumental fr- of Wind ce 
ror ES 5 
to | do |H BIS 3; Simeo A 
. “a we | A gage ae : 7 Sa ° S 5 
= | 5 q oag-| Sa gaal3s = = B¢|| x meas 3 & - 
So ES 2 og og 4 ge lAa : is ike) oe Aoi, 3 & 8 
| a fh] g Sse = | | sheila Sle S| a | so x 
ia i Rae ont Sse a ~ an ooeona mosis) eal & & 
ij} Sw H asia ‘= | 
I] 
Ins. | Ins. | Ins. Ins. |Ins Miles}! ©> iVC2 5) "C= Gals 
25 .054124.886}24.970]).... 2... Wie se stale = eats se sw 140.6)} 43.8 | 31.2 | 12.6 | 8.80]! D 
BaLOsetaa OB oo SOE Poko ane frewscicce bee wes 0 nw {| 153.2|) 46.4 | 82.8 | 13.6 9.65{| D 
Peete katie MODI... 5. caedcc seme val beeeered se n DE peor seers tb oae.c8| ono D 
25 222/25 .219|25.221 Nt. Nt. Ay now 8 113.8}) 49.6 | 33.4 | 16.2 | 11.67]; D 
PLAUGI COAT Ta ZOOL .ocecccalbe oe euatahns aos « Ww 0 113.0}| 47.6 | 31.3 | 16.3 | 11.56/) D 
PROROA EET OO LOOT. «ac leoen bx cootoe eat deletes « se Ww 108.0}! 51.4 | 35.2 | 16.2 | 11.88 F 
25 111/25 .077|25 .094/|6:04p.m]........ 02 w n T45 Seen. «2.ci lias satel conan imentae D 
25.273)25 .182]25 .227 a.m Nt. 18 nw] sw L401) TP6 E116 5.9 3.46 R 
24.9: remade nw | sw || 155.0]| 27.0 | 16.7 | 10. 6.38 K 
n Ww Ferrel esresta| tm oo 
Ww ne 2 
ne Ww 
ne 0 
w Ww 
0 ne 
n ne 
e nw 
Ww ne 
0 0 
nw 8 
nowisw 
w |nw 
Seem Ww 
nw! w 
ne n 
n |ne 
DW n 
8 WwW 
w Ww 
0 nw 
n sw 
152.41) 40.02] 26.88] 18.64) 9.42))...... 
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METEOROLOGY OF 1897 


METEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 


TABLE 1, 


TEMP., DEW POINT AND RELATIVE BUMIDITY. ad © Terres- 
: ¢ 3 = B 2 trial 
1 os Ss . : 
7A. M 7 P.M. x) E ¢ 5 z Bediencr 
glean 3 ei) Bee 
= a a q [= Baton So 
be ml) & e Soil B 8 5 5 s Ss q 
IP O32 ale serene ae et ee ee +2 to] 9 
pSles|ealSS\lpfizeleglasiie |eSllee/2° je! & jeg 3 
3 Blo<d| eq 3 6 | 2-3) 88 llc fee q aI >| Batol S 
Awa Ba ag ae AgIF AIA Sia sil: oo || & a x a Zeal sa 
are BS ea jams je 1A = || 2) 3 
: aner Per Per } Per 8 
° ° ° 5) 0 ° ° ° F ° Bs yo ° gy 
us a : Cent : F 2 Cent : Cent ¥ E F 
1) 26.1 | 24.8 | 22.5 | 86.1 || 87.0 | 82.8 | 27.1 | 67.3 24.8 | 716.7 70.0 | 21.8 | 45.9 | 48.2 18.0 |3.8 
2) 28.4 | 26.8 | 24.2 | 84.0 |] 38.0 | 34.2 | 29.3 | 71.2 26.7 | 77.6 70.2 | 23.8 | 47.0 | 46.4 20.0 |3.8 
81 32.0 | 29.9 | 26.8 | 81.0 || 41.8 | 35.7 | 27.9 | 58.0 27.4 | 69.5 68.9 | 28.7 | 46.3 | 35.2 24.0 {4.7 
4) 31.8 | 29.0 | 24.8 | 74.8 |] 24.9 | 24.0 | 22.4 | 90.2 23.6 | 82.5 46.7 | 30.8 | 88.5 | 16.4 28.1 2.2 
5] 18.8 | 18.2 | 16.9 | 92.2 || 29.1 | 26.6 2.4 | 75.6 19.6 | 83.9 40521300) Seige sous 8.0 |5.0 
6] 32.6 | 29.6 | 25.0 | 73.7 86.0 ' 34.0 |. 31.5 | 83.7 28-3 18-7 50.9 | 20.0 | 35.0 | 30.0 15.8 |4.2 
7| 29.1 | 29.1 | 29.1 ]100. 36.8 | 29.8 | 18.0 | 45.9 28.5 | 72.9 43.4 | 28.0 | 35.7 | 15.4 28.2 |-0.2 
81 28599) 2201 1 b.L.Bo.Bal "25.08 1) OF ot 9.8 | 50.3 725 | 48.1 38.7 1727.0 | 32.8 | 11.7 |)*21.0 6.0 
9] 32.9 | 25.7 | 10.5 | 38.8 || 46.5 | 95.0 | 17-2 | 30.6 || 13.8 ) 34.7 1/°57.2 | 18.0 | 37.6 | 39.2 11.0 |7.0 
10] 54.0 | 40.8 | 24.4 | 31.9 |) 34.4 | 31.7 |. 28.0 | 77.3 26.2 | 54.6 64.8 | 38.0 | 51.4 | 26.8 34.3 13.7 
1J| 24.8 | 24.2 | 23.2 | 93.4 || 538.1] 42.9 | 82°01 | 45.2 D7 TN OGL ll) Cason eles ity a0 bilge One 17.8 |3.9 
12] 38.8 | 35.3 | 31.0 | 73.9 || 61.3 | 46.8 | 92.9 | 34.2 || 31.9 | 54.0 |] 75.0 | 32.7 | 58.9 |"Ea-3 || 27.2 15.5 
3] 38.8 | 35.0 | 30.8 | 71.8 |] 45.5 | 36.5 | 24.54 48.4 27 A toaeo 70.2 | 86.8 | 538.5 | 33.4 31.8 [5.0 
14) 27.4 | 25.5 | 22.2 | 80.5 || 41.8 | 36.1 | 29.0 | 60.7 25.6 | 70.6 62.4 | 26.0 | 44.2 | 36.4 20.4 15.6 
15) 25.0 | 24.6 | 28.9 | 95.6 9.6 9.4 8.8 | 96.6 16341596. 30.2 8.2 » 19.2 | 22.0 -0.7 8.9 
16] 5.4] 5.0} 3.4 | 91.9 |] 22.0 | 21.1 | 19.2 | 89.3 || 11.3 | 90.6 |] 32.5 | 0.7 | 16.8 | 31.8 || -5.2 [5.9 
P22 20-051 17-5 85.5 1 SLi2 eS O25. | T8e7 21.5 | 82.1 53.3 | 16.8 | 35.0 | 36.5 12.9 |3.9 
18] 26.8 | 24.9 | 21.6 | 80.2 '| 86.3 | 38.3 | 29.3 | 76.2 25.5 | 78.2 64.0 | 24.0 | 44.0 | 40.0 20.2 |3.8 
19} 88.2 | 82.6 | 24.7 7.9 |) 40.0 | 36.2 | 81.7 | 72.6 28.2<| 65.3 75.61 31.0 | 53.8) 1-446 25.8 15.2 
20) $1.6 | 27.8 | 21.5 | 65.7. 58.5 | 42.8 | 23.9 | 26.4 22.7 | 46.0 66.U | 29.5 | 47.8 | 36.5 22.0 {7.5 
21| 26.0 |} 25.1 | 23.6 ' 90.4 29.4 | 27.8 25.8 | S44 24.4 | 87.4 29,3) 25.4 | 27.3 3.9 22.0 12.4 
22| 25.8 | 25.0 | 23.7 | 91.4 |] 40.0 | 36.5 | 82.4 | 74.7 28.1} 83.1 4958) 24°51) SBo2 178: 20.0 |4.5 
28) 28.5 27.8 | 25.4 | 88-0 ||) 84.0 | $2.5 | 30.5 | 87.0 27.9 | 87.5 52.0 | 25.2 | 38.6 | 26.8 20.6 |4.6 
24| 24.0 23.2 21.7 | 90.9 || 54.6 | 41.0 | 24.1 | 30.8 |} 22.9 | 60.8 65.2 | 20.0 | 42.6 | 45.2 18.0 |2.0 
25| 23.4 1 22.5 | 20.7 f 89-7 39.6 | 19.3 | 18.7 | 96.2 19.7 | 938.0 27.0 1722.0 | 24.5 5.0 ||*22.0 10.0 
26} -1.0 | -1.0 | -1.0 {100. 8.0 8.0 | 8.0 |100. 8.5 |100. 29.0 |.-3.0 | 13.0 | 32.0 -8.3 45.3 
27| 12.5 | 12.5 | 12.5 (100. 10.8 | 10.8 | 10.8 |100. 11.7 |100. 28.0 1.6 | 14.8 | 26.4 -3.6. 15.2 
28] 12.8 | 12.8 | 12.8 jl. 3.0 3.0 8.0 [100. 7.9 |100. 12.5 |7 4.0 8.2 8.5 ||* 7.0 [-3.0 
29) 6.7 6.7 6.7 | Lou, 20-6 1/2050) 16.9) | Sl.s 11.8 | 90.9 35.7 1.0 | 17.4 | 36.7°|] -5.0 14.0 
30) 34.4 | 27.8 | 15.8 | 45.7 || 81.0 | 29.0 | 26.0 | 81.3 20.9 | 63.5 54.0 | 11.2 | 32.6 | 42.8 11.6 |-0.4 
ea) PUES pie, | 3A. Soy | 
| 
M/ 26.19 23.76) 19.68 ess a3 80 28.5 22.87| 70.32) | 21.28) 75.01]}} 51.00] 20.20} 35.60) 30.81]| 16.16}4.03 
1 


© 


Maxinimm temperature of day occurred between 7 p. m. and7 a.m 


{+ Minimum temperature of day occurred between 7 a. m. and7 p.m. 
* Reading at7 a.m. 


The highest or lowest readings of the month are underlined. 


METEOROLOGY OF 1897. 


AI 


TABLE 1—Continued. 
FORT COLLINS, COLO., FOR MONTH OF NOVEMBER, 1897. 


—— = 


Barometer, Cor- || | age 
rected for Tem- | Direction ||~ a 
perature and In- PRECIPITATION iI See Pies) ACTINOMETER 
strumental Er- of Wind os 
ror. |Es E 
= eS a 
Xe eal SS a) ® 
Seay | SACs we Weesee RT ee See ile 
Pee | eoitete es Maal Ss ] seb Oe oe ie 
2 | | f/f] 23 eeslet] ¢ | = (S26 ¥ |f2] e] 8h 2 
2) | SOME a Mises ie Si Iam a|| = = ES ce 
a pe Pe lsegi. = | = bmn eae Wy = i 
1 
Ins. | Ins. | Ins. Ins. ‘Ins Miles/| © C 6! 
PELOUS Sh 176105 ASO eet eck e. ote se nw| w || 182.7)| 45.1] 28.0 | 17.1 | 11.86]| F 
25.126 24.966 25.046 es eal meal Ce el eetG Mele HAscls oa: 6 lioneco, F 
24.858 24.761/24.810 nat iG nw| on || 185.5]{ 27.1 | 18.2] 8.9] 5.54/] F 
25014123 085 25.049 see |= D n |} 164.4|/ 35.4 | 16.5 | 18.9 | 12.08|| F 
24 969/24 882 24.926) gol n | n wij 100.7|| 36.0 | 18.1] 17.9 | 11.54]/Hy. F 
PASSISIZE 889/24 883i Nt. fe... i esc lee e eek | sw e 124 Sheet tek wee ei seetens F 
24 852/24 824124838] 03 | 1 © ns we-l\) 260200||| vee ee. eee Lt sn 
PU ST IAL OUTI24 B94N 2. locas sec 'ss an. |....|| ow | nw || 369.3]| 18.8] 6.0] 7.8] 4.40! 0.0. 
PAN SBOIPANIGS|PACOSE occ onsite leade cae Wants us |....]/w nw] ne |} 356.9)| 31.0 | 16.0] 15.0] 9.4a][...... 
24.653 24.999/24 .826||........ gs eee ad | wnw| s_ || 494.0|| 43.4 | 25.2.) 18.2 | 12.40]]...... 
25 .048)25 .074)25 061 Siahtee Rovaeeee oe he clea: We |W 155i] race nites ete leer peeve ea! 
25..080!25.014|25.047/|........ eee @ |-s w |! 117.0]] 47.7 | 81.8 | 159) | 11/30]! ae. 
DFS 978124 .8U1124:895]]........|.c0. cn Nea Siwe f) wet) ABUSON er io ees eee |e EF 
PARISI Cea oe doen be Wea calle ence llenec 5 W Ww TSB SH) os hos bocesetael ler toast teed | eam 
25 103/25 .820/25 212 7... jl020am| .34 | 3 ne | nw || 104.8]| 13.7] 4.1] 9.6 | 5.38/| Sn 
25 AGEL BSNS P< 1 | | (a {tf on | s w |) 101.8]] 89.0 | 14.1 | 24.9 | 16.00]] F 
Par DAD Ne fiz sina a ee etzace +s sel au wh cw. e219 2h 30.4 120801) SiGe4e tale eee 
25. 5 .153!25.180||.... <2. ee ached cept zs Seale’ ae EIA Benn isn.c5 ocj/ ance ac] oobore F 
25.057)24.867|24.962|] 00.0... eerie) eee Roi ee 60 | 137.20... aah aeueacll sontseall ee eee ene 
24. 758)24.806/24.782]]...-....) 22.0222] ence es -- {| mow | Sw !) 166.8). 02.22... £ 
25089125 078 25.088})..-.-. .|ecce ce es|ooeee cea PeSies 8. 60 || LOB Sil: ce sa fena arse lle eal perenne eee 
25 .164/25.281/25.2231| ....... Regs \leseha|oeed liens 8 Tia) | een Patel eB acc loos F 
95 .152)24 .920|25.036|)........ BAG aenee Seer | w GM | eee ee snl ener nmetoal ltishoc te 
24.764]24.602|24.683]] Nt i Pome |) 26 aw? BAG SOL a craneall ateats co Ieameeee I eae ee 
24.715/21. 949) 24 .832||7:45a.m |2:30p.m| .29 | 3% bt oT5.7Hl ace os ated eee ao Sn 
25 .097|25.040125.068]|........ Se eee || en oe oo | | ee Coriell ermal Meacnald( cit 6 cx 
24 .909/24.986|24.938]|....... |... ceefeeeee sea | Mass e O8 All scr allisede eae eee | eee 
24971|25.207,25.089||.... eee ep Weel | tar sit. clase Sn 
25 153/25 .064/25.108]]....... WS. 5 ete reg 0 ries 2 es an WL) | PO Be nerd Sood etllsnosed| fcwoce 
24-.850/24.920/94885]|........]....0c0e]eoce SI ruil) aN Dn No slr ca a eee eee 
24. 994/24.945)24.990]]........] 2.0.0.0. OLOTEIEOR NIP econ 5. 166.8]| 33.78] 18.00) 15.78} 10.24 


|| Usel to indicate approximate time, 
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2 METEOROLOGY OF 1897. 


TABLE 1. 


MErEOROLOGICAL RECORD AT AGRICULTURAL COLLEGE, 


{ | 

TEMP., DEW POINT AND RELATIVE HUMIDITY | | oe, Terres- 

r em ES = 2 i a y 2 2) trial 

| + 5 5 5 | eam 
7A. M. \| 7 P.M 1 ele E eit adie ee Radistion 

, | 2%] S| Kia K| 8B = 

2 fe) reniiie lrside yy = f=) |) isl cele reels 

e ds | slstiizglas ee Bie eee | Sie Oeste 

io) 2 alaecn Pehle ES alecliia sain |S Ss > 883] s 

2 B tay | esas | © = 

PSleelo slo Bllesle ele sisd lis Sra Sees x 3 4 2c 
AG|ES Au) a AR Fe Ce RelA a) = =| (a) a if a) 3 
at sles Q E , | Per | pe | Per} pe [pe | pe] pe |] we 5 

: : a Cent ss F Cent Cent Jit 

1) 21.7 | 21.7 | 21.7 |106.0 |} 10.5 | 10.5 | 10.5 |100 16.1 |100. | 22.6 | 11.0} 16.8 | 11.6 || 21.0 lo. 
2} 4.0] 4.0] 4.0 \t00.0 || 8.0] 8.0} 8.0 [100 6.0 |100. | 10.0] 8.4] 6.7| 6.61] 3.2 |o.2 
3) 18.0 | 18.6 | 1.4 | 42.2 |) -5.0 | -5.0 | -5.0 Jroo. |] -8.2 | 71.1 | 31.0 | -1.5 | 14.7 m3z.d {| 7.2 O03” 
4) 5.4] -4.7 | 1.9 | 85.9 || 21.5.) 1878 | 12 4 | 67.6 |} 7.1 | 76.7 | 40.0 | -7.6 | 16.2 | 47.6 ||-13:8 6.2 
5 : 5. ; 37.5 | 29.8 | 16.5 | 41.8 |] 16.0 | 64.4 |*51.6 | 7.0 | 29.3 | 44.6 |! 3.0 |4.0 
6 29.0 25 '8 He 8 Sat 27.1 | 23.9 | 80.4 |] 18.3 | 65.4 |*47.7 | 26.8 | 37.3 | 20.9 || 19.0 |7.8 
7} 40.2 | 81.3 | 16.3 | 37.4 || 38.4 | 30.6 | 26.5 | 75.8 |} 21.4 | 56.6 | 53.4 | 19.3 | 36.3 | 34.1 || 15.2 [4.1 
$] 28.1 | 26.2 | 23.0 | 80.8 || 39.1 | 35.8 | 31.8 | 75.6 || 27.4 | 78.2 | 55.2 | 26.7 | 41.0 | 28.5 || 23.2 3.5 
9] 35.0 | 31.3 | 26.0 | 69.6 || 28.4 | 25.1 Jeez | 77.1 |] 24.1 73.3 | 43.0 |f28.3 | 35.6 | 14.7 ||t21.8 |6.5 
10) 19.8 | 19.1 | 17.7 | 91.1 |] 35.4 | 27.9 | 13.7 | 40.2 |] 15.7 | 65.7 | 44.4 | 17.0 | 30.7 | 27.4 || 11.3 [5.7 
11} 19.2 | 18.8 | 18.2 | 94.8 |, 27.0 | 25.2 | 22.1 | 81.3 || 20.2 | 8.0 *45.3 | 17.8 | 31.6 | 27.5 || 11.0 (6.8 
12) 32.3 | 31.8 | 81.1 | 95.5 |) 83.0 | 25.7 | 10.2 / 38.1 || 20.6 | 66.8 | 42.2 | 25.0 | 33.6 | 17.2 || 22.6 [2.4 
13) 24.2 | 19.8] 9.1 | 51.8 |) 26.2 | 23 2 | 17.3 | 68.7 || 13.2 | 60.3 | 38.9 |722 4 | 30.6 | 16.5 || 15.0 |7.4 
14! 18.7 | 18.4 | 17.8 | 98.1 |! 47.7 | 34.9 | 18.8 | 25.5 || 15.8 | 60.8 ee 34.7 | 34.8 |] 15.0 |2.3 
15} 17.0 | 16.0 | 13.4 | 86.3 |) 4.0] 3.6 | 2.0] 91.5 1] 7.7 | $8.9 | 17.3 |F 3.0 | 10.2 | 14.3 || -3.5 |6.5 
16] -8.8 | -8.8 | -8.8 1100. |} -1.0 | -1.5 | -3.8 | 86.8 || -6.3 | 93.4 | 10.5 |-10.8 | -0.2 | 21.8 ||-15.3 4.5 
17} -6.0 | -6.0 |=6.0 |100. |, 5.0 | 4.6 | 3.0] 91.8 || -1.5 | 95.9] 20.8] 9.8] 5.5] 30.6 ;|-18.9 [4.1 
GINS OM Peay als On ital: CRON Tinlin des Ot) -0.3 | 97.0 | 25.2 [t-6.0 | 9.6 | 31.2 ||-10.5 [4.5 
19 1.2] 1.0] 0.2 "95-2 |] 2.1] 21] 2.1 [100. {| 1.1] 97.6 | 21.2] -2.0] 9.6 | 28.2 || -7.0 [5.0 
20) 4.0 | -4.0 | -4.0 ]100._|| 8.0} 7.6 | 6.2 | 92.6 1.1 | 96.3 | 29.1 |4-5.8 | 11.7 | 34.9 |} -9.0 [3.2 
21) -4.8 | -6.4 | -8.7 I"St-4 {| 11.6 | 10.8 | 8.2 | 87.0 || -0.2 | 84.2 |#83.8 | -6.0 | 13.6 | 39 8 ||-10-8 |4.8 
22) 26.8 | 22.5 | 13.3 | 56.5 || 34.2 | 28.2 | 17.8 | 50.1 |] 15.5 | 58.8 | 46.8 | 6.0 | 26.4 | 40.8 1.9 |4.1 
23) 15.9 | 15.2 | 13.4 | 90.1 || 25.7 | 24.3 | 21-8 | 84.9 Il 17.6 | 87.5 | 48.8 | 15.7 | 82.0 | 32.6 |] 10.0 15.7 
24) 13.8 | 13.2 | 11.5 | 90.9 || 28.0 | 25.7 | 21.7 | 76.8 || 16.6 | 83.9 | 51.5 | 12.7 | 32.1 | 38.8 || 8.4 4.3 
25} 15.3 | 15.3 | 15.8 |100. 33.2 2o.8a7 101 | 87.67)| 12277) C858) 40,05 29) 276 aul moeeGno 
26] 12.8 | 12.2 | 10.5 | 9u.6 || 36.0 | 28.0 | 12.5 | 37.4 || 11.5 | 64.0 | 41.2 [412.2 | 26.7 | 29.0 lit 6.3 [5.9 
27 21.8 | 20.2 | 17.9 | &6.7 || 34.4 | 29.2 | 20.7 | 56.8 || 19-8 | 71.7 | 47.0 20.0 | 88.5 | 27.0 || 15.2 4.8 
28) 27.3 | 25.6 | 22.7 | 82.4 |] 48.2 | 36.8 | 20.6 | 33.5 |] 21.7 | 58.0 | 58.8 1125.1 | 42.0 | 33.7 || 20.0 [5.1 
29] 46.9 | 36.1 | 20.6 | 35.0 || 44.7 | 82.7 | 11.0 | 25.2 || 15.8 | 30.1 | 68.0 | 40.2 | 51.6 | 22.8 || 29.9 110.3 
30) 45.0 | 32.0] 6.1 | 20.2 |} 29.1 | 25.9 | 20.2 | 69.2 || 18.1 | 44.7 | 47.3 [428.8 | 88.0 | 18.5 || 26.0 |2.8 
81) 14.2 | 13.8 | 12.7 94.0 {| 15.0 | 13.6 | 9.7.| 79.7 || 11.2 | 86.8 | 29.1 |414.0 | 21.6 | 15.4 5.8 |8.2 
M| 17.52} 15.35 10.92| 80.38/} 23.741 20.05) 13.30! 69.91|] 12.11] 75.141 38.96! 11.79! 25.37] 27.17] 7.634.977 


* Muaximam tewperature oceurred between 7 p.m. and7 a. in. 


The highe-t or lowest readings of the month are underlined. 


Tt Minimnm temperature of day occurred between 7 a. m. and7 p.m. 


) 


METEOROLOGY OF 1897. AS 


TABLE 1—Continued. 
FORT COLLINS, COLO., FOR MONTH OF DECEMBER, 1597. 


Barometer, Cor-! Sis 
rected for Tem- Direction es 0 
perature and In | PRECIPITATION | sats a4 ACTINOMETER 
strumental Er-| | of Wind oie PS 
ror, } oS a 
Pa 
| 2 =a EIS ce @ i 
= | s 68 a) SF BgS ae 3 ne 5 2 5 8 g 
fi Pe opt os (Scaiag| = | * eagles ae) Sle ie 
2) 2/21 28 | 2a esis] =| 8 Ezsiggiea|2| 2 | 2 
[a2 Onsen | E ~ = amt 5 
~ ia) s & Las es S > 2 oe 4 = 
Ins. | Ins. | Ins. Ins. |Ins Miles}| C C C Cal 
24.917/24.901)24.909]| 8a.m.|....... 12 | 2 se | se as Sno 
24.919]25 095/25 .007 | dens Jal cero 12 L 8 e Rh Reece leat eal licccaalcotuns Sn 
25.188125.164/25.176)[........| .. ...- Eke 1 51M linia Ol). BIC Sn 
re 25.155 een Wenn Gecdaanen| (menage DSA Be Wee llctenees By a eoher 
2) .043/24.805)24 924) ) 02.2... | eee ce eel eee ee an nw] s PAA ed Weert et Aegn linea erst arco call|loauson 
DEL IUOIAE BISIZe SSO} | i. cect scenes cieeaban nes Beh SEW AWW: 168.9]| 37.5 | 16.8 | 20.7 | 18.36]]...... 
Pe SITS ieee 0) 1 Ps ES i Veal Oe ame Berks Ww w 171.3) 38.3 |) ONS} TONOn) 12942) erin 
24.718)24.721/24.720| |7:15a.m]......-. i a ee n 8 W LID ST 28st) 16.8) gipdene: 7.84 iv 
24.916/25.018}24.967)|........ Nt. .21 |Kn.|/| n w 8 171.9|| 22.4 | 10.4 | 12.0 7.13 R 
DEV IOAIBO OTS 20-027 | ta. as 2c ca) ste mqenrs|iven els ee e Ww 182.7)| 16.2 | 8.4] 7.8; 4.491) F 
25.039124 .784/24.912||........ eg ee) eae Bee eel weill y, 241.8)| 6.5) 1.0) 5.5) 2.96); F 
24.799)24 .992}24.898)| 7 a.m.|........ ia Boe n n 375.0! 
2.080} 24.919}24 .990}) 0... lies ons Gem aisiperae| i In @.|| MW 141.4; 
24.635/24.439/24 537 ING eee teen ee ST BW Ww 223.4 
24.496}: { 1% e 8 243.7 
24.936)24. nt n n Ww 86°0| 
25 . 068) 25 . 0: nw Ww 07.7 
Z Z n nw 85.3 
24.9512 nw 0 74.2)]. 
24. 85917 ne|nw 116.3) 
24.926 n | nw |} 100.5) 
25.0385 wnow| w 197.2 
26.152 eit 
4.950 * ie 109.9} 
25.145 nw/|now 183.0 
25.149 ne |uW 242.1) 
25.146 se | 8 w }| 127.2} 
25.149 ow{|nw 155.6) 
25.17212 nw] w 405.7) 
24.983 Ww ne 881.9) 
26 54x n 8 168.7 
ms 
24 986}25 000/24. 998)).... 20...) sc. eee 0.67 Bea itive a 178.5)| 28.26) 11.62} 16.65) 10.26))...... 


t Used to indicate approximate time. 


4 METEOROLOGY OF 1897. 


The monthly values of the observations detailed in the pre- 
eding table are summarised intable 2, following. Figures 12, 
3, 14and 15 go in connection with this table. It may be found sug- 
estive to compare these values with the corresponding ones at 
he other stations given. 


TABLE 2. 
SUMMARY FOR 1897, AT AGRICULTURAL COLLEGE, FORT COLLINS, COLO. 
ititade, 40° 34’; Longitude, 105° West from Greenwich; Hlevation of Barometer, 4,99¢ ft: of grounds 4,980 ft. 
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Ce * 


rm] ||24.983}!46 .6)/62.0/31.9/39.6/46.9]}/99.2/-28.4 |80.1/56.2 aga ara ist ....{} 13.86]... ./69.7} 64.5/30.3 


* Extreme valnes. 
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$41. Figure 12 represents the precipitation by months, 
and shows both the rainfall for 1897 and the normal as ob- 
tained from observations extending over a large number of 
years, varying from 15 to 19 years for different months. 
The figures show clearly the preponderance of precipitation 
during the growing season. Each of the five months from 
April to August averages more than one inch of rainfall, 
and none of the other months have as much. Two-thirds 
of the rainfall of the year is received in these five months, 
and as this period, especially with the addition of March, 
includes practically all the growing season for fair crops, the 
importance of the distribution is evident. With this distri- 
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bution, the small amount of rainfall which we have is as 
effective as a much more abundant rainfall, but with a large 
proportion falling during the winter months. 
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S42. Every day on which enough rain falls to measure 
is included in the list of stormy days, and these are shown 
graphically in figure 13. The number of stormy days varies 
in nearly the same way as the amount of rainfall. While 
the precipitation in April exceeds that in March, the num- 
ber of stormy days is less, which indicates that the amount 
received in each storm is greater in April. Likewise the 
storms in August average less than those in July. 

$43. There is considerable range between the highest 
and lowest rainfalls recorded in any given month as is evi- 
dent by inspection of table 5. The heavier, continued 
storms, lasting all day or extending through several days, 
occur principally in May, but the period when such storms 
are possible extend through April and forward into June. 
After this period the prevailing storms in the summer 
months are local thunder storms. 


NO OF 
er STORMY 0D 
|2 2 = ; 
10 
g 
8 
7, 
& 
‘5 
4 
re ---e. 
‘ tees 


J FS MOTA OM J UA SS" oon 
pe 2s (| AS Si ee NORMAL. 


Big. 13. 


S44. Figure 14 shows the changes in temperature dur- 
ing the different months of the year as well as the average 
and the normal. The upper end of the line in any month 
indicates the highest temperature recorded during the 
month at any time, and the lower end indicates in a similar 
manner the lowest temperature during the month. The 
scale of temperatures is shown at the left side of the dia- 
gram. The length of the line thus shows the range during 
the month. 

$45. The thicker portion of the line shows the limit of 
the temperatures on the average day. The upper ends of 
this portion, indicated by the cross line, show the average 
of the highest and lowest temperatures for each day through- 
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out the month, and the double cross-line indicates the aver- 
age temperature for the month. 

§ 46. From the diagram, which puts in graphic form a 
portion of the summary given in table 2, it will be observed 
that the lowest temperature recorded during the year was 
in January and was 26° below zero, and that the highest 
temperature in the same month was 64°. For the 31 days 
of the month the maximum temperatures of each day aver- 
aged 4o° and throughout the month the minimum tempera- 
ture descended on the average to 9°. The temperature fell 
below zero in five different months and rose above go” in 
three months. The greatest range in any single month is 
in January when the range was from 26° below zero to 64” 
above, or an absolute range of 90°. The range during the 
year was 120°. 

§46. The same diagram shows the average monthly 
temperatures for 1897 by two short cross-lines and the nor- 
mal by the full line crossing the vertical lines. As shown 
by the diagram both January and February were warmer 
than the average, March was cold, May warm and Septem- 
ber unusually warm. April is nearer the average tempera- 
ture of the year than any other single month, October is 
slightly above the yearly average, and the mean of April 
and October is close to the average of the year. 

$47. The monthly mean barometer, as shown in fig. 15, 
requires little comment. The variation during 1897 was 
greater than the normal, February and March being below, 
while the two succeeding months, as well as August, Sep- 
tember and October are above the normal. 

Though the barometer is one of, the most important in- 
struments for one observing the weather, and wishing to be 
forewarned of impending changes, it is one of the most use- 
less to the agricultural meteorologist. Not that it is not of 
some value, for the rise of water in soils, the flow of water 
in drains, the increase of seepage water, and the numerous 
important fluctuations, all show a connection with the 
changes in the barometer, but as a whole the connection 
with the phenomena of most importance in plant growth is 
obscure and not likely to be of value to other than the sci- 
entific student or the professional meteorologist. Many 
who are interested in meteorological observations have the 
impression that a barometer is one of the most necessary 
instruments and that no observations of value can be made 
without it. So far is this from being true that to most peo- 
ple it is of little use, and a small part of the expense re- 
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quired for a barometer will purchase a good set of eae 
ters anda rain gage which, systematically observed, will yield 


useful climatic data. 


SUB-STATIONS, 


The observations at Cheyenne Wells aiid at Rocky Ford 
are not given in detail, but are summarised in tables 3 and 4 
The conditions of exposure are not so good as at Fort Collins 
The averages and the reduction to determine the dew point 
and relative humidity from the observations are computed at the 
home station at Fort Collins. Fora portion of the year the 
wet and dry bulb thermometers observed at the Cheyenne 
Wells station were obtained from other sources than through the 
home station, and it was subsequently found that the ther. 
mometers were in error, and the corresponding relative humidi- 
dities and dew points are incorrect. 


TABLE 3. 
SUMMARY FOR 1897, AT ROCKY FORD SUB-SPATION. 
P. K. BLINN, OBSERVER JANUARY TO JUNS, W. F. CROWLEY, FROM AUGUST. 


Latitude 39° 3’. Longitude 103° 45’; Elevation 4,160 feet 
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TABLE 4. 
SUMMARY FOR CHEYENNE WELLS SUB-STATION. 
J, E. PAYNE, OBSERVER. 


Latitude 38° 50'; Longitude 102° 20’; Elevation 4,278 feet. 
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; $49 The corresponding summaries from three of the volun- 


wteer observers are given in the three following tables, these sta- 
‘tions being Lambs, Estes Park P. O., at an elevation of 9,000 feet : 
Geo. A. Barnes, Pinkhampton, at an approximate elevation of 
"8,400 feet, and Mrs. Sherwood, Gleneyre P. O., at an elevation 
sof 8,000 feet. Their location is further described in section 54. 
' The instruments have in most cases, been furnished by the 
“Experiment Station or have been compared with our instruments. 
$50 An interesting comparison may be made between the 
records at the different elevations, especially between those at the 
foot of Longs Peak and at Fort Collins. The distance in an air 
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line, is 35 miles, and the difference in elevation is 4,000 ft. 
The higher station has an average temperature for the 
year over 9° colder than Fort Collins. In the summer, 
from May to September inclusive, the mountain station 
averages 13 colder, while during the winter months of 
January, February and -March, it averaged but 6° colder. 
It was, therefore, relatively warmer during the winter than 
during the summer. 

$51 If the records are compared day by day, it is 
noticeable that the temperature at the higher station is 
often higher than at Fort Collins during the winter months, 
and this notwithstanding 4,000 feet difference of elevation. 
When first noticed some years ago, some doubt was felt 
as to the reality of the phenomena. Continued observa- 
tion has not only confirmed it, but shown that inthe winter 
months from December to April, it is very common. In 
some years the average temperature at the higher station 
has actually been above that at Fort Collins during the 
winter months. Such inversions of temperature have been 
observed between Denver and the summit of Pikes Peak. 

$52 Many of the differences are due to the fact that 
the cold waves which sometime reach us in the winter from 
the north, consist of a wave of cold air, relatively shallow, 
which underruns the layer of warmer air, displacing it, 
and the cold wave is not in itself deep enough to reach up 
to the mountain stations and submerge them in its wintry 
bath. When the cold is due to local radiation, as when the 
ground is covered by a thin layer of snow, then the temper- 
ature at the mountain stations descends lower than on the 
plains. 
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TABLE 


5. 


SUMMARY AT MR. CARLYLE LAMB’S AT THE BASH OF LONG’S P&AK, ESTES PARK 
POSTOFFICE. ELEVATION, 9,C00 FEET, 
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TABLE: 7. 


SUMMARY AT GLENEYRE P. O., MRS. F. W. SHERWOOD, OBSERVER, NEAR THE 
HEAD OF THE LARAMIE RIVER. ELEVATION, 8,000 FEBT. 
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September .. =e ee eee Aocate Caen Beets Beregaey area dl (ome RAEN ere lone scescici PE TN betes 
October .....| 32.9 | 48.1 | 34.7 | 87.8 | 49.5 126.0] 64 1 | 23.5 | 38 8 | 22 | 1.20 12%] 6 
November. ../ 30.5 | 41.1 | 29.9 | 32.4 | 42.9 |21.9| 66 2} 21.0] 46| 13 | 24] 50} 11 | 10 
December...) 16.3 | 23.6 | 16.2 | 15.8 | 25.1) 6.6) 48 | -16 | 18.5} 38 | 20} 31 | 1.65 | 1616) 11 
if | oe ve a 3 h ant ea aie 
MIGSSIO AOE hE! Sone Opes Maen (Pe es = 838 SUN Doce hres berters 
| | | 4 i | 


* Records Jacking for first twelve days. 
+ No record of precipitation after the 12th, owing to absence. 


PRECIPITATION. 


$53 From a number of places precipitation and other 
records have been furnished by volunteer observers who 
have been furnished with instruments from this station 
These stations have been selected in most cases for the pur- 
pose of obtaining a record of the precipitation in the moun- 
tains which form the water shed of the adjacent rivers. As 
the Cache a la Poudre river has been the subject of investi- 
gations for a number of years and records have been main- 
tained of its flow, it has been desired to study the amount 
and distribution of the precipitation on its water shed. We 
have not received reports from as many observers this year 
as formerly. 

§s4 Of the stations noticed in the following table, 
the first five are situated in the mountains and the last five 


on the plains. 
Pinkhampton is located on the eastern border of North 
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Park at an elevation of 8,400 feet. It is situated to the west 
of the range whose eastern slope forms the water shed of 
the Laramie and of the Cache a la Poudre rivers. Mr. G. 
A. Barnes has been the observer and has also kept a record 
of temperature. : 

The station in Estes Park has been kept by Mr. Car- 
lyle Lamb, living at the foot of Longs Peak tothe south of 
the park proper, but situated almost on the divide between 
the waters which flow into the St. Vrain on the south and 
the Big Thompson on the north. ‘This station is in a moun- 
tain valley extending north and south. To the east the 
Twin mountains, within less than two miles, rise to a height 
of about 11,500 feet, while to the west, within four miles, 
Longs Peak reachesan elevation of 14,271 feet. Mr. Lamb 
is a close observer and has taken great interest in other 
observations as well as in these particular ones. He has kept 
a record of the rainfall as well as of temperature for a num- 
ber of years. 

Gleneyre is situated twenty miles east of Pinkhampton, 
on the opposite side of the high range of mountains which 
forms the northeast rim of North Park. It is situated on 
the Laramie river which runs nearly north and south, and 
is separated on the east side by a lesser range of mountains 
from the water shed of the North Poudre. It is, therefore, 
protected from winds from all directions except the north. 
The influence of the mountains is shown in the decreased 
rainfall noticed. The elevation is about 8,ooo feet. Mrs. F. 
W. Sherwood has been the observer. 

$55 At Westlake Mr. S. J. Peery has been the obser- 
ver. This place is located about twenty miles southeast of 
Gleneyre and a few miles north of Manhattan near the 
Cache a la Poudre river. The elevation is about 8,500 
feet. 

Water Dale, Arkins P. ©., is the home of Mr. PY He 
Boothroyd. It is on the banks of the Big Thompson river 
at the junction of the foot hills with the mountains. It 
is situated about twelve miles south and as many west of 
Fort Collins. The elevation about 5,500 feet. 

Loveland is 13 miles south of Fort Collins in the valley 
of the Big Thompson creek. Rev. W. H. McCreery has 
been the observer for some yéars, Elevation 5,000 feet. 

LeRoy is located in the valley of the Platte a little over 
100 miles east of Fort Collins, and nearly 50 miles west of 
the eastern border of the state. Mr. C.J. Green has car- 
ried on the observations at this place for a number of years 
with much interest. 


I rr ie ee 
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TABLE 8. 
PRECIPITATION, 1897. 


sia 2 z : 
7 * 
Pinkhampton....| 1°50 | 1.35 | 2.20 | 1.95.| 2.06 | 2.62 | 2.41 | 1.38 | 0.55 | 0.45 | 
Estes Park ......| 1.55 | 1.20 | 1.96 | 1.35] 1.60 | 1.50 | 1.85 | 1.20] 0.95 | 1.10 
Gleneyre.... .... | 1.00 | 0.70 | 2.90 2.00 | 0.50 | 0.20 0.49] 0.80 | ..... 1.20 
Westlake....... T | 0.88 b4c2041.....: PRS KO on oh ae ee ee eee Oo 
Waterdale..... .| 0.18 | 0.50 } 2.82 | 1.82 | 8.61 | 2.30 | 2.42 | 1.09 | 0.84 | 1.07 
Fort Collins... 0.18 | 0.54 | 2.15 | 1.39 | 2.06 | 1.69 | 2.65 | 1.74 | 0.75 | 0.75 
Loyeland........ 0115 | 0.54 | 9.98 | 0104 [4.28 foo. fet 0.39 
Rocky Ford..... 0.75 | 0.87 | 0.20 | 0.48 ]......)......[......1 0.78 | 0.79 } 2.68 t 
Cheyenne Wells..| 0.26 | 0.10 | 1.58 | 1.20 | 1.44 } 2.22 | 4.21 | 3.24 | 0.92 | 2.73 | 
Leroy............ 0.60 | 0.72 | 1.66 | 1.77 | 8.98 | 2.24 | 1.39 | 2.79 | 0.44 | 2.61 


? The record ineomplete until the 12th, rest of month lacking. 


SOIL TEMPERATURES. 


$56. The weekly averages of soil temperatures down 
to depths of six feet are shown in tables 2 and ro and are 
represented graphically in figure 16. 

$57. Two sets of thermometers have been in use dur- 
ing the year. Set A in the instrument plat on the lawn 
west of the engineering building, where they were placed 
Jan. 15, 1897, and set C on a high knoll near the college 
barn. ‘The exposure for set A was nearly the same as at 
the former location, a removal from which became neces- 
by the construction of the new chemical laboratory. The 
surface of the ground was covered with grass, but was sub- 
ject to inundation when the adjacent lawn was irrigated. 
This was considered a serious drawback to the location, but 
afterwards resulted in an unique illustration of the effect of 
irrigation on soil temperature, which is mentioned later. 

$58. The temperature of the soil varies according to 
the character and color of the soil, the kind of covering and 
the exposure to the heat of the sun, as well as to a number 
of accidental influences. Those soils spoken of, especially 
in the East, as early, owe their character principally to their 
greater temperature, which accelerates the germination and 
growth of the plant. 

859. Figure 16 shows the averages of set A by weeks 
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throughout the year. The shallow temperatures, even 
when smoothed by using the weekly averages, show much 
greater variations than the deeper ones. Some time is 
taken for the surface temperature to affect the lower ther- 
mometers. Practically the daily variation disappears be- 
fore reaching a depth of six feet, and the daily change does 
not often exceed one or two-tenths of a degree. The heat 
wave moves slowly through the soil, so that while the high- 
est temperature of the day is reached at a depth of three 
feet at nearly the same hour as at the surface, its tempera- 
tures correspond to those of the day before. This cannot 
be seen in the present diagram. The curves do, however, 
especially in the winter, show the lagging of the annual 
curve of temperature, Examining the curves of the three 
deeper thermometers, it will be seen that they reach the 
lowest temperatures at different periods, one at six feet 
about three weeks behind the one at three feet. It is about 
six weeks behind the surface temperature, though in this 
case the accidental and short period variations mask the an- 
nual curve at the surface. During the summer there is a 
corresponding lagging of the highest temperatures at the 
greatest depths, though the normal curve is altered by the 
irrigations to which the ground where the thermometers 
were placed was subjected. 
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TABLE 9. 
WEEKLY MEANS Of SOIL TEMPERATURES SET A, 1897. 


| DEPTH SET DEPTH 
ENDING [3 yy. |6 In.|1¥Ft. |2Ft. | 3Ft. (6 Ft. ENDING! 3m |g im. |i Ft.|2Ft./3 Kt (Ft 
Jan. 2.....| 28.20 30.08 32.07) 34.74) 38.24) 44.69] July 10...|| 69.82] 69.44] 69.33| 67.91/ 66.91) 62.30 
Jan. 9.....| 24.40) 27.04! 30.09) 33.61| 37.45] 43.95] July 17...|| 69.86] 69.98] 69.84] 68.10) 66.97| 62.24 
Jan. 16:....| 27.50, 29.16, 30.99) 33.43) 36.96| 43.33/July 24...|! 66.631 67.11| 67.63] 67.09] 66.53] 62.24 
Jan. 23.....} 29.06] 29.81) 31.03) 33.84) 37.14 44.16 July 31...|! 69.13] 69.16! 68.94] 67.32| 66.32] 62.16 
Jan. 30.....| 23.56) 25.36) 27.99] 33.17| 38.61] 43.64Aug. 7..|| 69.25] 69.54] 69.46] 67.79] 66.71] 62.19 
Web. 6..... 28.71] 29.34) 30.06) 32.52) 36.04) 43.21;Aug. 14..]| 70.99] 71.50] 71.60] 70.04) 68.44] 63.81 
Feb. 13..... 32.04) 30.80) 31.11) 32.60) 35.83] 42.68/Aug. 21..|| 68.37| 69.87| 71.54) 72.41] 72.26] 68.43 
Feb. 20..... 29.72) 30.27) 30.79, 32.73) 35.79] 42.40/Aug. 28..|| 67.48] 68.32/ 69.21] 69.85] 70.49] 67.96 
Feb. 27..... 27.91) 28.98 90.11) 82.74) 35.80) 42.07/Sept. 4. | 70.16| 70.74] 70.57| 69.51] 69.44| 67.16 
March 6...| 31.36) 31.31| 31.48) 32.6!| 35.55/ 41.67/Sept. 11..|| 68.88] 69.76] 70.18] 69.69] 69.89] 66.71 
March 18...| 31.73) 81.84) 31.84| 82 79| 95.58) 41.47/Sept. 18. | 64.09) 65.56) 68.50] 67.69) 68.16) 66.36 
March 20,..| $2.12) $1.43) 31.96, 92.98) 35.56] 41.22/Sept. 25.. | 02.82 63.69] 64.47] 65.14] 66.09] 65.73 
March 27...| 33.39] 32.87) $2.02) 33.27| 35.74| 41.09/Oct, 2...|| 62.60) 63.49] 64.28! 64.63! 65.30) 65.00 
April 3....| 35.94} 35.69] 38.87, 34.361 36.38| 41.09 Oct. 9...|| 57.62] 59.14] 60.77| 62.64) 64.07| 64.43 
April 10....| 39.26, 39.74) 88.82) 37.33] 8.14] 41.32|Oct. 16....|| 52.75] 54.28] 56.38) 59.28) 61.62] 62.64 
April 17,...| 46.77, 46.89} 45.12) 41.71| 41.04] 41.96 Oct. 23...|| 47.12| 48.65] 51.14| 55.37] 58.58| 62.44 
April 24....| 50.69| 50.97| 49.91] 46.51] 44.841 43.20/Oct. 30...|| 44.15] 45.59] 48.04] 52.55] 55.87| 61.05 
May 1..... 53.03, 58.22) 52.16 49.91] 47.40] 44.79 Nov. 6..|] 41.34) 43.01] 45.19] 49.48) 58,08) 59.58 
May 8.....| 57.07| 57.04! 56.15) 51.91| 49.68) 46.36/Nov. 13..|| 49.79] 41.75 49.39| 47.01| 50.76! 58.01 
May 15.....| 57.48) 57.65] 56.94) 53.95) 52.04] 47.85|Nov, 20..!] 39.39] 40.26) 42.30) 46.19} 49.56) 56.59 
May 22.....| 61.23) 61.11] 59.84] 56.14] 53.84] 49.27|Nov. 27..1137.53 [33.60 | 40.72| 44.48) 47.99] 55.49 
May 29 62.17| 62.27| 61.71| 58.39] 56.09] 50.52|Dec. 4...1] 33.12] 34.09] 26.75] 41.70] 46.03] 54.25 
June 5....| 58.70] 39.20] 59.62/ 38.21/ 56.84] 51.94|Dec. 11...|| 32.53) 32.28] 35.8] 30.71] 43.99] 52.98 
June 12....} 60.3%| 60.36] 59.90| 57.76] 56.74] 52.81|Dec. 18,..)| 31.31] 32.26] 34.46] 38.78] 42.96] 51.77 
Tune 19....| 65.88) 68.17] 68.9") 65.25) 64.01 60.74]Deo. 25...|| 27.87] 28.17| 80.87) 86.16) 40.76) 50.56 
June 26....| 70.20] 70.44| 70.31, 68.59] 66.87] 62.60\Jan. 1....|| 29.66] 39.19} 31.38] 35.08| 39.49] 49.40 
Joly 3..... 70 27) 70.24) 70.06, 68.20| 67.06, 62.44|Average..|| 48.85] 48.99} 49.68) 50.45] 51.72] 58.49 
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TABLE 10. 
WEEKLY READINGS (NOT AVERAGES) OF SOIL THERMOMETERS, SET C, 1897, 
(ON UNIRRIGATED GROUND,) 


DEPTH DEPTH 
WEEK ENDING WEEK ENDING 

6In. |1 Ft. | 2Ft. | 3 Ft. 6In. | 1 Ft. | 2 Ft. | 3 Ft. 

SanVanye Wen ase |} 28.1 | 29.0.) 33.5 |] 35.9 | July 1: eee 68.5 | 66.2 | 62.6 | 59.5 
os AMAT YL 146 es ey tay 29:7 129.9" 88.8" 185.2 Waly S.i2...22.--..-.--|| 6629 | 66.1 | 68.7 16003 
January 21. .5......<.0.||) 28b8 W201 | Bee 1 384-8. | Sioly 155... 0... een || 6825, | 66-1 | 64.2 1 61a, 
Sie vauren Aviek sonavn Habe os 2e¢9  coublestep: |or-0 | Staly 222i, ec eede. 67.1 | 65.1 | 63.5 | 61.1 
February 40. ..2.aui)||) 2128 peeel | CUES | 02-0 | JOLY 202.720 gees on ae 69.0 | 66.7 | 64.3 | 61.7 
February 11............|| 29.6 |-29.8 | 82.2 | 33.3 |August 5..............]] 68.0 | 67.0 | 65.2 | 62.8 
February 18............|| 80:2 | 80:2°) 82.8 | 33.5 |August 12..............|] 69.1 | 67.1 | 65.4 | 62.9 
February 25:............1) 28:2 } 29.0 | 32:3 | 33.8 |August 19..............|| 66.2 | 65.1 | 65.2 | 63.3 
Maren at ont casa one 31.2 | 31.1 | 32.8 | 38.7 |August 26..............]] 68.0.) 66.1 | 64.5 | 62.6 
March 11..2............]| 82:2 | 82.6 | 38.9 | 34.4 September 2..........|] 68.0] 66.1 | 64.8 | 62.8 
Marehieic.. cacecsaes os || 32.7 $255—), 88.8 | 3L.5 |Septempber 9)...°..... 68.1 | 67.1 | 65.6 | 63.6 
Marchi2p)-..«.cosencome|| Sopentesore, | 8408 | 85.9 |Septemper 17... .2.. 60.2 | 61.0 | 63.3 | 62.9 
April 15. o.. 3 2.-2--ee)|) dost || 8020) | 87-8) 1.36.8. (September 285 a.0-- ur || 61.9 | 61.2 | 61.8 | 61.1 
April’ 8)..........- 40-0882 | 87.8 | 38.8 | 87.6 |September 30)... a. 62.8 | 61.6 | 61.8 | 60.8 
April 15...-........-..2|) 44-6 | 4374 | 40.8 | 39.2 |October 8.............|| 58.2 | 58.7 | 60.0 | 59.8 
April 220.5. ..1.. cee] 4882: | 4615 | 44-8 | 42°) lOctober 16... .5.22. sn ee|]| OE. Th) Da-Oi ln DEES eb dn a; 
APL OF cee occa ee took On 4987 147083) 45.0 tOctober eh. 2c. .c..sseeen| 46.2) Oe tala seam esoed 
MAY TOs me one ae OOS OMOOROMI OOM TdT October 23.00.60. ..00 6. 44.2 ) 45.7 | 51.0 | 52.8 
May 13.................|| 56.4 | 54.5 | 52.4 | 49.7 |November 4... .......]]/ 43.3 | 44.5 | 48.8 | 50.8 
May 20)... 2+. 15.2 2<see|| D9t2 |) Ol ee || D8n9) | 81.5 |November 12... 0. .5.... 404302 1 42.00) 4 ncn 
May 2iare. en. an. ace COLON OSsaieolee 1.5520 | November 1S saaeeeeee 38.7 | 40.3 | 45.0 | 47.1 
June 3..........22.--]| Olek | OF.1 | 5658 | 54:4 |December 9...........]] 84.6 | 35.6 | 89.80) 4203 
June 105.0... ews 2 «|| OOS OBhS | bbk7 | 54.38 || December 16; ........1) Seetote lel Sieenealeat 
JUNOT 2.50... eevee |! 045071 G250" 159.6 1 O6-8 December 28.0.4. .-.+..]| BGnl 20,7.) Bde eaeseRe 
dune 24 ss. we se 67.2 | 65.1 | 61.6 | 58.0 |December 30........... 31.2 | 81.3 | 34.2 | 36.6 
| —s Average......{| 48.76] 48.32| 49.08] 48.65 
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$60. The dates of the highest and lowest temperatures 
for the different years, and the observed temperatures are 
shown in table 11. Considerable variation is shown in the 
dates of the highest temperature, partly in the case of the 
deeper depths especially from the effect of flooding from ir- 
rigation waters. The date of minimmum is less subject to 
extraneous influences. As the temperatures are observed 
at 7 a.m.and7p.m.only, the highest and lowest tempera- 
tures of the day of the shallow thermometers are not not 
observed and the diurnal variation would slightly affect 
these readings. For the deeper thermometers the diurnal. 
fluctuation is very small. 
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Fig. 16 
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TABLE 11. 


DATES OF EXTREME TEMPERATURES AT DIFFERENT DEPTHS FROM READINGS 
AT7A. M. AND 7 P. M. 


DEPTH 
8 3 INCHES 6 INCHES 12 INCHES 
Date elit: patel Galeperetal Slider. Sil mecemtned a ee 
ate | 3 ate | 3 ate s ate | 3 ate 3 a = 
1889 ||June 30..|87.7|Jan 9..../16.0)|July 1.../8t.2|Jan 9..../21.0)|June 30....|76.8)Jan 21-22..|26.0 
1890 ||July 1..../86.2|Jan 2....|14.5||July 1.../81.2;)Jan 2..../20.0)|July 16....|72.5|Jan 24..... 25.5 
4901 | July 24)..|8t.0) Feb 9s. 1728 Sulyedde- (80.6) Heb LO) 521209) |e yee once) atatetetl ctataletearrei eter reies eres 
1892 ane ae 84.2) fan 13.../16.3}/Aug 14...|80.8/Jan 11...}20.7!|Aug 15 ....|72.5 v iets 
June 28 ] 
1893 |] to July 4/87.5|Jan 18.../21.3/|July 5.../83.9)Jan 18...|26.0)|July 5..... 76.1\Jan 21..... 80.3 
1994 ||June 12..|78.6]Dec 28.. .|14.7||July 27..!76.1|Dec 28.../21.4||July 27....;71.5|Dec 28..... 24.3 
1895 ||July 6 ...|83.2\Jan 15...) 8.5]|July 6.../78.8\Jan 15.../18.0!|July 29..../71.6)Jan 15 19.2 
11896 ||July 13 ../90.8|Jan 4..../18.8]|July 13..|86.1JJan 4..../22.7||July 18....]77.1)Jan 4...... 27.9 
1897 ||July 7 ...|78.2)Jan 5....|18.9| Aug 12...|77.3|Jan 5....|23.9)|Aug 12..... VicO| Savino cere 29.5 
] Sot —— SSEres Se 
DEPTH 
e t 
FEET 3 FEET 6 FEET 
* q “ 
Date s Date = Date S Date = Date E Date S 
1889 que Fat 67.3) Jan 28...130.9}|Aug 19...'64.6/Jan 29-31'33.3|/Sept 5-10../60.0'Mar 8...... 139.2 
uly 
1890 ||28-Aug 7./66.9]Feb 11. ../30.6);Aug 21... /64.6/Jan 29. ../33.3||Sept 1-12..|60.0/Feb 18..... 39.4 
Feb 14 16- Aug 1617 Feb 19, 22 
1891 |\July 26../68.7| 17...... 82.1)| 19-20.../65.6) 23, 26.../34.0]/i|Sept 17.- |63.8}Mar 12-28..|39.0 
1892 |/Aug 17../68.7|Jan 24-25)]31.4|}|Aug 18... |65.5 re 28. ../83.6]/|Sept 1 . |60.2|Feb 24-26.. 139.6 
c © [Jan 23-27 
1893 |iJuly 6°..175.3|Jan 22:..|82.6)|July 24../67.6] Feb 11..134.8)|July 6..... 167 .4|Feb 21,22-25/40.2 
é \ 
1894 || June 28../59.8)/Feb 25... /81.5}|J ane 28..|69.7|Peb 27-28)33.5|| June 28..../64.4/Mar15..... 88.5 
| Aug 30 to Feb 28 to 
1895 ||Aug 2....|68.0|Jan 16...|27.5]|Aug 7-8../65.9]Jan 18. 132.8||Sept 19..../€1.0) March 1. |89.3 
Jan 8, 17, 
1896 |j)Aug 15-17)71.9|/Jan 6....1381.6) jane 16-17'69.5) 18 ..... 85.5)|Aug 24-25.. ae Feb 17-22../41.0 
s iS Ig § Mar 24 to 
1897 ||/Aug 12...]76.1)Feb 2... ./82.4) [Aug 17. ..|73.6, Feb 2-10.85 .5 ‘Aug L6i 15.01 Apr 2a elle 
* Water applied to lawn §9.2 July 81 was probably the highest otherwise. 
+ H9 (62 Busou tills) wa “ 
t July 3168.5, unaffected by water. 
° Aug 22 66.7, ‘ 
| Sept 2 62.5, i - os 
§ Affected by irrigation. 
Observations made at 2 and 9 before July 1, 1889. 
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AN ILLUSTRATION OF THE INFLUENCE OF IRRIGATION 
ON SOIL TEMPERATURE. 


$61. The control which irrigation gives of soil con-: 
ditions is well known by students of irrigation and is more 
or less realized by farmers in the arid regions. The extent 
of this influence is, however, not often recognized, and it is 
rarely that an illustration as clear as was shown by the soil 
temperature observations during August, 1897, is to be ob- 
tained. In this case our soil thermometers being placed in 
the grass plat were so situated, that the irrigation of the 
lawn flooded, to a depth of some inches, the ground where 
the instruments were placed, and the irrigation was con- 
tinued long enough to saturate the ground underneath. 
The temperature at a depth of six feet had been nearly uni- 
form at 62° for a number of weeks before the date of irriga- 
tion on August 12th. 

$62. With the application of the water it is noticed 
that the temperature immediately rises, reaching a temper- 
ature of 71° almost immediately after. The temperature 
fellalmost immediately after the irrigation, so that during 
the next three days it had fallen to 64%°. On August 16th 
the irrigation was repeated, and this time the effect of this 
added to the effect of the first was to increase the tempera- 
ture to 75%°.—The temperature dropped rapidly to 69°, 
and then dropped gradually, not again reaching 62° until 
October. The effect of irrigation on the plat of ground and 
its vicinity, was felt for more than a month. 

$63. The effect on the temperature at two feet and at 
at three feet in depth was much the same. At the first irri- 
gation the temperature at two feet was increased over that 
at the lower depths. At the second irrigation the effect on 
the deep thermometer was almost as great as upon the two 
foot thermometer. 

For the depths less than two feet, the diurnal fluctuation 
is marked, and as the corresponding curves confuse the dia- 
gram, they are omitted. The shallower thermometers also 
show the cooling effect from evaporation so much that their 
temperatures fell below the deeper ones. 

$64. In view of the influence which temperature has 
upon the growth of plants, the importance of the fact shown 
in the diagram is apparent. Evidently the irrigator can in- 
crease the temperature of the soil by application of water of 
proper temperature. It isalso evident from corresponding 
observations at the shallower depths, that the cooling ef- 
ect on the soil from evaporation may be considerable. 

S65. But asthe application of water warmer than the 
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soil will carry heat down into the soil and raise the temper- 
ature in spite of the cooling effect of evaporation, so an ap- 
plication of colder water has the opposite effect and chills 
the soil, both by the direct abstraction of heat and from 
evaporation. 

$66. The diagram is here given because of its sugges- 
tiveness, and to call attention to the influence of the tem- 
perature of the water used. It also suggests a reason why 
most farmers find it undesirable to irrigate early in the 
spring and why fall irrigation is sometimes so advantageous 
irrespective of the need of moisture. 

The importance of considerations of this kind, illus- 
trated by the diagram, will be considered more extensively 
when the observations on irrigation and on soil temperature 
are published. 
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EVAPORATION, 


$67. Table rogives the evaporation from our standard 
evaporation tank. This is sunk in the soil level with the 
surface. Observations with the hook gage are made twice 
per day from April to September, gage reading to one 
thousandths of a foot. At the same time the temperature 
of the water surface is observed twice per day at the maxi- 
mum and minimum temperatures. During September and 
October the reading is made once daily. During the winter 
months ice forms and the observation is made at the begin- 
ning of each month. 

It is found that the evaporation runs from one to two. 
inches per month during the winter. The evaporation dur-. 
ing the night is practically as rapid as during the day. 

$68. An attempt was made to obtain a formula from: 
the observations of 1889, and with enough success to compute: 
the evaporation in 1890 from May to October with a differ- 
ence of less than half inch. The formula was as follows : 
P= 20 u(t) et ROO.) 

E represents the evaporation in inches in 24 hours. 

T is the vapor tension corresponding to the temperature of the surface of 

the water. 

t is the vapor tension corresponding to the temperature of the dew point 

at that time. 


W represents the number of miles of wind in the 24 hours. 


Observations have since been made to obtain a more 
perfect formula, but are not yet reduced. 


a ee ae ee, OA ee Lien eee 
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TABLE 12. 
EVAPORATION FROM WATER SURFACE, TANK 8x8x3 FEET, FLUSH WITH GROUND 
AT FORT COLLINS, COLO. 
Latitude 40° 34’; Longitude 105°-+; Elevation 4,990 feet. 


uan | 2) eo) ela |e) 3) 3) 2) 8 |e ies 

Se a tar et hoe ee | | th] eee mie ae een eee 
1897 | 245 | 8.28 | 4.60 | 5.59 | 5.19 | 5.75 | 5.28 | 4.24) 4.12 | 8.25 | 1.48] 1.60] 46.71 
ce ae Geof ens cof cnwec] 4:45 1 7.90 17.001 4.06 | 8204 | 2171 18550090: | essa. 


1889 | 1.08 | 1.08 | 2.75 | 4.06 | 3.72 | 4.84 | 5.20 | 5.15 | 5.19 | 3.28 | 0.62 | 1.42 37.84 
1890 | 0.86 | 2.36 | 3.58 | 3.50 | 4.82 | 5.71 | 5.44 | 5.76 | 3.69 | 2.71 | 1.82 | 1.10 40.25 


1891 1.89 1-90 2.23 | 2.24 | 5.03 | 4.97 | 5.72 | 4.91 12 | 3.62 | 1.74 | 0.75 39.12 
1892 2.51 2-15 2.78 | 3.58 | 3.49 | 4.20 | 4.69 | 5.64 11 | 3.33 | 1.93 | 1.18 40.54 
1893 _ P {1.52 | 3.79 | 5.40 | 5.12 | 6.12 | 6.41 | 4.78 QL Sn TOU |, Lc Obahe Son | muerte 
1894 ‘ha Tet 1.95 | 4 : 


+ 
1895 iL. 29 Set 19) oP 4.91 | 4.27 | 4.13 | 4.57 | 4.52 
1595 2.64 | 2.25 | 2.39 | 4.71 | 5.91 | 5.09 | 5.28 | 5.80 
1897 1.80 | 2.20} P | 3.33 | 4.13 | 4.26 | 4.64 | 4.76 


Average | 1.73 | 1.90 | 3.00 }] 4.19 | 4.57 | 5.21 | 5°44 | 4.95 | 4.21 | 3.09 | 1.43 | 1.22 40.94 


Record from part of month. 
From record of two months’ 
From record from February 17. 
Tank punctured, recurd lacking. 
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TABLE 138. 


$69. The wind movement for the year has amounted 
to nearly 60,000 miles. March and April have been the 
windiest. By months the record is as follows: 


Direction. Number of Miles. 

Wate IN Raita et 3.5: Se 5058.3 
male NGS 1S See re 5622h6 
March, W. TORO e 
AD itl: qo NN eke ioe oc. 5 2.4 ae 6614.3 
May, INR ee PAP A 8 4968.4 
June, [aN SRC ee |< 4302.5 
July Sih Oy a mers EES Oe A2TAUZ 
ATG PINE NSE ts. $2 «(02h Bea aws 
Senne INEGI Nou. By > .):.. £16 acne 3483.4 
Oct INGE En ot. s)he ee A722-0 
Nov., INE one ma). ho. 3: re 5003.3 
Dec IN ver i! 0, A ae eine 

Totaltiotiyear’. 5... eae 5035007 

Mveqacee aN. Ws >. 15 See mone 

SUNSHINE. 


$70. Instead of giving the sunshine throughout the 
year by tables, an attempt is made in figure 19 to show 
graphically the amount through the year, showing not 
only the amount received each day, but the time when 
it occurs, which would be impossible to show clearly ina 
table. 

A space is given for each day. The occurrence of sun- 
shine is shown by the heavy line and the length of the line 
shows the duration of the sunshine, which can be deter- 
mined by comparing with the scale. Cloudiness or the 
absence of sunshine is shown by the line being blank. 

The upper line in the diagram represents the time of 
sunrise,—when, on a clear day, sunshine should begin,—the 
lower line, sunset. The distance of these lines from the 
middle line, representing noon, is proportional to the length 
of the forenoon and of the afternoon respectively. Allowance 
has been made for the shortening of the afternoon due to the 
presence of mountains on the western horizon. The two 
other lines represent 9 a. m. and 3 p. m., and are placed 
three hours distant from the middle or noon line. The time 
is, therefore, counted in apparent or sun time, without al- 
lowance for the equation of time. 

If, therefore, the sun shines from its rising to its setting, 
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the full line extends from the sunrise to the sunset line. If 
a cloud obscures the sun for a time, this is indicated 
by a break in the line, and the duration of the obscuration is 
shown bythe length of the break. Hence the broken lines rep- 
resent intermittent sunshine, or days of floating clouds. The 
spotted character of the diagram in the same months shows 
a feature noticeable in our mountain meteorology; fair 
weather in the forenoons, and of floating cumulus clouds or 
local thunder storms in the afternoons. 

§71. The chart has been made from the photographic 
record made by means of the Pickering sunshine recorder, 
already described. As the intensity of the sunlight is not 
enough to record near sunrise or sunset, some element of 
judgment is involved both in the table and in the diagram 
in estimating the period of about half an hour near those 
times. Asthe diagram and the measurement were made 
by different persons, there may beva slight discrepancy in 
estimating this period in the two cases. 

The distribution of the sunshine through the year is 
noteworthy, and to those interested in Colorado climate, 
whether as agriculturists or as health seekers, the chart 
will prove worthy of careful examination. . 

It will be noticed that there are many days on which 
the sun shines throughout the whole day; there are very 
few when it does not shine for a greater or longer time, 
but there were several days in 1897 when no sunshine is 
recorded by the sunshine recorder. The groups of sun- 
shiny days are also noticeable in the diagram, their occur- 
rence usually being at the same time asa wave of high 
barometric pressure. 

_ §72. The important effect of sunshine on the matura- 
tion and quality of grains, the coloration of fruits and 
flowers, and its important influence from a sanitary stand- 
point, are too well recognized, to need more than a refer- 
ence here. From the standpoint of Agricultural Meteor- 
ology both the amount and the intensity of sunlight are 
among the most important of the elements to be observed 
and studied, and while the connection between the sunlight 
and the growth and development of plants is complicated 
and surrounded with many difficulties, some of the definite 
relations are not beyond the possibility of determination. 
Records of the amount of sunshine since 1888 have been 
kept by similar methods at a number of stations and later 
it is hoped to give a more complete discussion of the ques- 
tions relating to sunshine and its agricultural importance. 
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TABLE 14. 
SUNSHINE 1897, SHOWING NO. OF HOURS AND MINUTES OF SUNSHINE OBSERVED 
AND THE PER CENT OF THE POSSIBLE. 


| Sunshine to || 9a. m. to 3 p.m, to 


Qa.m. || Noon Noon to3 p.m Sunset For Month 
> aig I -_| Per | Sy eer - | Per -. | Per || Total | Per 
jrsmin| Gent | hrs min Cent hrs min Gent hrs min Gentillkourel Gente 
|- ee 

MANUAL Yenc otc 2c ----| 26-43 | 45.8 | 60—41 | 65.2 |) 63--03 | 67.8 || 23—08 | 50.0 |! 173—35] 60.4 
Bebraary ; 5.2.4: aH 26—20 | 41.4 ! 47—40 | 56.8 |] 53—49 | 64.1 || 22—80 | 41.1 || 150-19) 52.6 
UTR Siecle | 41—87 | 46.0 |, 55—53 | 60.1 |} 62—48 | 67.5 || 43—59 | 54.1 |; 204—17) 57.1 
April...................| 61-88 | 68.5 |} 66—0O1 | 61.4 || 51—09 | 56.8 |} 50—12 | 50.7 || 229-00) 59.2 
Mae igi os oases se oa | 81—06 | 63.1 || 77-32 | 83.2 || 55—25 | 59.6 |; 49-19 | 40.7 || 2683—22] 60.5 
Uiunieseret oss: Wee | 76 57.7 || 60—02 | 66.7 || 48-17 | 53.6 || 51—11 | 40.5 || 236-08] 53.8 
July .| 8818 | 62.8 || 73—00 78.5 || 55—57 | 60.2 || 66—42 | 53.2 || 278-57] 62.8 
August . ; 69—O1 | 54.2 || 78--26 | 84.3 || 63-35 | 68.4 |] 52-87 | 48.4 |] 263—39] 64.0 
September ............| 51-81 | 65.8 || 65—81 | 72.8 || 71—49 | 80.0 || 44—24 | 52.0 || 283-15) 64.9 
October ..............., 42—83 | 58.3 |] 65—15 | 70.2 || 68—09 | 70.2 |, 3653 | 58.0 ,| 20750] 68.1 
November........... =| 19—55 | 85.3 | 55—00 | 61.1 || 60—11 | 66.9 || 24—04 | 48.5 || 159—10) 56.0 
December.............| 19-15 | 42.3 || 54-87 | 57.7 || 59-18 | 62 6 || 25—18 | 60.8 158—28) 57.3 

| | teers [per eo ue 
otal Elourg:. 6. 2.-<cc0- [599-35 'e BUO9s Oe [bee's eka '708—30 |....-. 490—17 |...... 2550—27/).... «0 
Average Per Cent.....| 52.0 |...... BEAT eas GLa yan ere ASCO) Ilene BOT |leacere 
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NOTES ON PLUM CULTURE. 


BY CHARLES S. CRANDALL. 


Prefatory note on the application of horticultural rules. 


There are certain general rules in the practice of horti- 
culture that are capable of wide application. If we say that 
cherry trees should never be planted on wet or mucky soil, 
we state a general rule, equally applicable to any section of 
the country. 

There are certain other rules, such as those governing 
the choice of varieties, selection of stocks, season for and 
manner of budding or grafting, time of planting and fre- 
quency of irrigation, that may be called specific rules. These 
are of necessity local in character and may be quite restricted 
in application. 

Possibly no state presents greater diversity in local con- 
ditions that govern horticultural practice than does Colo- 
rado. Not only do wide differences exist between eastern 
and western sides of the Continental Divide, but either slope 
may be divided into sections that would warrant considera- 
ble differences in practice on many points, and then, each 
section may have peculiarities that would subdivide it. Even 
the differences between the two banks of a stream, or the 
varying soil conditions of two adjoining farms, may present 
factors that modify successful practice. 

If a man moves from one section to another he will 
naturally attempt to grow the varieties and follow the meth- 
ods with which he is familiar. He meets failure in many 
particulars and after a time learns by experience that his 
new surroundings call for different methods and likely differ- 
ent varieties. It has always been the experience in new 
countries that the pioneers in horticultural work made mis- 
takes which they found expensive and discouraging, but by 
persistence they learned to avoid the early errors and finally 
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achieved success. Later comers can, and should, profit by 
the experience of these pioneers. The methods they have 
found successful can be safely followed, no matter how they 
differ from those successfully practiced elsewhere. 

The specific rules to which I here refer are often dis- 
cussed in public, and frequently the views expressed are 
very diverse. —Two men may discuss a particular practice, 
each persistent in holding his honestly expressed conviction, 
derived from personal experience, to be the only correct 
one. Each knows he is right and no amount of discussion 
will bring them to the same view. The newcomer seeking 
information is confused by the opposite views so strenuously 
contended for. Transactions of societies and the horticultu- 
ral press bear evidence that such discussions are not infre- 
quent. The writer is of the opinion that in many cases 
these discussions do more harm than good, or are at least 
profitless, because they are dropped with the differences un- 
explained. Inquiry will often bring out differences in the 
local conditions under which the experiences have been ac- 
quired that will fully account for the diverse views expressed. 

The idea that | would emphasize and urge upon those 
who contemplate entering upon horticulture as a business is, 
that a careful study should be made of all the conditions 
surrounding the particular place chosen. Sum up the ex- 
perience of the pioneers, consider the lability to late spring 
frosts, and early fall frosts, to storms and winds. Examine 
into the water supply, soil, subsoil, slope, exposure, direc- 
tion of prevailing winds, and every other feature that may 
have bearing upon future success. Attention to these factors 
will enable intelligent action, saving expense and avoiding 
disappointment. , 

Iam lead to dwell in some detail upon this matter of 
the application of specific rules because so many requests 
for advice on the points enumerated are constantly being 
received. Usually inquiries are unaccompanied by any 
statement of local conditions or aims in view, and it is diffi- 
cult, often impossible, to give the desired information ex- 
ceptin the most general terms, and this is unsatisfactory 
both to the writer and to the seeker after information. 


DERIVATION AND DISTRIBUTION OF OUR PLUMS. 


The genus Prunus as now constituted embraces those 
species from which have been developed all our stone fruits, 
Almonds, Peaches, Nectarines, Apricots, Plums and Cher- 
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ries. Its representatives are widely distributed over the 
earth and the number of species as given by different au- 
thors varies greatly. Bentham and Hooker in their Genera 
Plantarum place the number at about eighty. A later work, 
the Index Kewensis, recognizes 121 species, and records 290 
names as synonyms. ‘The 121 species here considered valid 
are distributed as follows: 

Eastern hemisphere 87 species, 15 of which are credited 
to Japan and 12 to China. Western hemisphere 32 species, 
21 of which belong to the United States and the region 
north. Seven are credited to Mexico and four to South 
America and the West Indies. Two species are recorded 
as of unknown origin. 

Our American manuals record species of the genus as 
follows: 

Botany of California (1876), 6 species. 

Chapman’s Flora of the Southern States (1883), 7 spe- 
cies. 

Coulter's Manual of the Rocky Mountain Region (1885), 
5 species, 1 variety. 

Gray's Manual, 6th Ed. (i890), 10 species, 1 introduced 
variety. 

Coulter's Flora of Texas (1891), 8 species. 

The Britton and Brown Flora (1897), 16 native, 4 intro- 
duced species, 2 native and 1 introduced varieties. 

Taken together these floras recognize 27 native and 4 
introduced species, and 3 native and one introduced varie- 
ties. 

Of the native representatives of the genus, 16 species 
and 1 variety are true plums, or of such close affinity as to 
readily class with them, while 11 species and two varieties 
are cherries or belong with the cherry group. Nearly all 
the species enumerated in the manuals are, or have been at 
some time, introduced into gardens and cultivated, either for 
their fruits or as ornamentals, but the varieties now cata- 
logued by nurserymen and grown in orchard, represent but 
few species. Of the native cherries only the shrubby sand- 
cherries (Prunus pumila, P. Besseyt, and P. cuneata) are 
grown for fruit. The Wild Red Cherry (P. Pennsylvanica ) 
is occasionally used as a stock upon which the common sour 
cherries, of European origin, are grafted; it has also been 
used to a limited extent as a stock for some of the plums. 

Of the native plum group, three species (P. Americana, 
P. hortulana with its variety AZénerz, and P. angustzfolza) 
have furnished nearly all of the cultivated varieties. The 
Beach plum (P. marz¢¢ma) is the parent of butone variety of 
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doubtful value. The Mariana so largely used for stocks, 
and the De Caradeuc are closely related, but of uncertain 
origin. A few varieties are probably hybrids, although the 
manner in which most of them originated is more a matter 
of speculation than of definite knowledge. There are still 
other varieties that cannot even be classed as hybrids and 
whose ancestry is likely to remain undetermined. Profes- 
sor Bailey of Cornell, who has given the whole plum group 
careful study, arranges the native varieties into groups as 
follows:* 

The American Group—Prunus Americana. 

The Wild Goose Group—Prunus hortulana. 

The Miner Group—Prunus hortulana var. Minerz. 

The Chicasaw Group—Prunus angustifolta. 

The Mariana Group—Of uncertain origin. De Cara- 
deuc assigned to Prunus cerastfera, and Mariana thought to 
be a hybrid. 

The Beach Plum—Prunus marztima. 

The Wild Plum of the Pacific Coast—Prunus subcordata. 

Hybrids, unclassified varieties—Of uncertain origin. 


Our foreign introductions belong to two groups: 


The European Plums, such as Lombard, Green Gage, 
and the numerous prunes—/runus domestica. 

The Japanese Plums—Prunus triflora. 

While the European plums can be grown in some sec- 
tions, the tender nature of the fruit buds makes them uncer- 
tain on the eastern slope, except in favored localities, and 
dependence must be placed mainly upon the Americana var- 
ieties. In the fruit districts of the western slope the Wild 
Goose is eminently successful and stands at the head of the 
list of profitable varieties, but it is probably too tender for 
the eastern slope, certainly for the northern and central 
districts. 

In general throughout the West the native plums are 
proving profitable. Even in districts where the domestica 
varieties are successfully grown, the native red plums sell 
in competition with them, and at remunerative prices. 
While it may be admitted that most native varieties are in- 
ferior in size and flavor to those of the domestica class it, 
should be remembered that the extended introduction of 
the natives is comparatively recent, that the improvement 
ia them has been rapid, and that they offer wonderful possi- 
bilities inthe direction of future development. All the 


* See bul'etin No. 88, Cornell Experiment Station. 
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better varieties are very productive. Some show a strong 
tendency to excessive production, a habit which if allowed 
to go unchecked, not only gives inferior fruit, but tends to 
shorten the life of the tree. With such varieties systematic 
thinning must be practiced in order to insure regular crops, 
and fruit of the largest size and best flavor. Then, having 
produced good fruit, if the grower will exercise the same 
care in handling that is given other fruits, and will place 
them on the market in the same attractive packages, the 
demand which already exists will be greatly stimulated. 


PROPAGATION OF THE PLUM. 


Most varieties of plums have come to us as seedlings 
selected and retained because of their good qualities; they 
show development or variation from wild types in varying 
degree, but with all, the departure is such that we can not 
reproduce them through the seed, and in order.to maintain 
them we are forced to adopt other means. 

All varieties are perpetuated by either buddins or graft- 
ing, usually on plum stocks. The kinds available as stocks 
are various and exhibit as great differences as appear be- 
tween the varieties to be propagated. No one stock can be 
regarded as perfectly satisfactory for general use with all 
varieties, and it follows that care and thought must be ex- 
ercised in making choice of what shall be used. 

The character of the soil, whether light or sandy, or 
verging on the other extreme of heavy clay, and the general 
features of the climate will largely govern this choice, but 
consideration must also be given to the characteristicsof the 
varieties to be propagated. 

The desirable varieties have parentage in widely dif- 
ferent species, each of which has characteristics peculiarly 
its own. The derivative varieties follow more or less closely 
after the parent species, inheriting habits, likes and dislikes, 
which must be regarded if we achieve success 1n their man- 
agement. Even among derivatives of the same species we 
may find varieties sufficiently different to call for the use of 
different stocks and different methods of treatment. This 
would be looked for among the varieties that have been un- 
der cultivation for the longest periods, and is due to the fact 
that the variation and development from the original type 
has not been along parallel lines. Differences in climate, in 
food supply, and in general environment have led to diver- 
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gence resulting in races which possess distinctive and well- 
marked characters. 

Some knowledge, therefore, of the history and de- 
rivation of varieties is essential to the propagator in order 
that he may make intelligent selection of the stocks upon 
which to work his profitable varieties. Successful propaga- 
tors, well versed in the history of varieties, and in the prin- 
ciples of culture will, however, often differ in their estimate 
of available stocks, just as they will differ on methods of 
practice. Strong growing varieties are not suited to very 
slow growing stocks because they over-top them and the 
trees are short lived. On the other hand success does not 
follow the attempt to force a slow-growing variety by work- 
ing it upon a rank-growing stock. The nearer the variety 
to be grafted corresponds with the stock to be used in gen- 
eral habit and vigor of growth, the better will be the pros- 
pects for health and longevity in the tree. 

Figures 1 and 2, Plate I, illustrate an overgrowing of the 
stock that isnotuncommon. Figure 1 is a Yellow Sweet, (Pra- 
nus Americana,) plantedin1894. The enlargement just above 
the union is marked, and it is increasing each year. Figure 
2 is a Wolf (Prunus Americana) tree of uncertain age, 
probably 14 or 15 years old, in which the enlargement is still 
more marked. We have no information as to the stocks 
used in either of these cases, but the fact that there is not 
perfect affinity between the varieties and their stocks is 
apparent. 

For the European plums such as Lombard, Green Gage, 
and Bradshaw probably no stock is better than seedlings of 
some variety of the species from which these varieties came 
—Prunus domestica. These have been in common use for 
many years, but in recent years have been in some degree 
superseded by Myrobalan stocks (seedlings of Prunus 
cerasifera, a species of European origin). Myrobalan stocks 
are in common use in European countries and have rapidly 
grown in favor with our nurserymen, not because better 
trees can be grown upon them, but because it is easier to se- 
cure good Myrobalan than good domestica stocks. Seeds 
of domestica varieties that will produce an even stand of: 
stocks is difficult to obtain, and the Myrobalan, which is 
‘easier to grow and less liable to injury from parasitic fungi, 
offers an acceptable substitute. Some nurserymen import 
the seeds and grow their own stocks, others find it more 
profitable to import the seedlings. They are usually re- 
ceived during the winter, planted in nursery rows in spring, 
and budded in July and August. In the south the stocks in 
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common use are the Marianna plum and the peach, and 
very diverse opinions as to their relative merits have been 
expressed. Probably the differences arise from varying 
local conditions, for the testimony at hand indicates that on 
the light and dry soils the peach stock does best, while the 
Myrobalan is better suited to the heavier and more moist 
soils. Even at the north the peach meets with some favor 
as a stock for plums on light soils, but it is too tender for 
districts where severe winters are common. For the native 
varieties, Wolf, Weaver, De Soto and other derivatives of 
Prunus Americana, the natural inference that Americana 
stocks would be best seems to be borne out by experience, 
but the degree of success may depend in a measure upon 
the seed used. The species is extremely variable in general 
habit and rapidity of growth as well as in the fruit produced. 
Seeds from which to grow stocks should be chosen from 
vigorous free-growing trees only. The progeny of such 
trees will most nearly accord with the varieties to be propa- 
gated and better insure the future of the tree. Seeds are 
obtained in the fall, separated from the pulp, mixed with 
sand and kept in a cool, moist place, during the winter. If 
they can be frozen and thawed several times, so much the 
better, for they will then more readily crack under the pres- 
sure of the swelling embryo. 

In spring they are sown in seed beds of deeply stirred 
rich soil. In the fall the seedlings are lifted, sorted and 
packed away in sand ina cool pit or cellar. The following 
spring they may be rlanted in nursery rows to be budded in 
July and August. The commencement of the budding sea- 
son is determined by the maturity of the scion buds to be 
used; they are buds of the current year’s production and 
must be well matured. Budding may be continued as long 
as the bark will “slip,” and this as well as the maturation of 
the scion buds will be largely influenced by weather condi-. 
tions. The length of the budding season may, therefore, 
vary greatly in different years. Usually the season with 
plums is shorter than with peaches or apples. About ten 
days after insertion the buds should be examined and the 
bands loosened if necessary. Where buds have failed to 
unite, the stocks may be rebudded and this may be repeated 
as often as the length of the season will allow. Late in the 
fall stocks on which buds have failed should be taken up 
and stored for grafting in late winter or early spring. When 
growth starts in the spring the budded stocks must receive 
prompt attention. The stock must be “headed down,” that 
is, cut off above the bud, and here practice varies somewhat. 
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Some growers prefer to cut from four to six inches above 
the bud, while others would at once cut as close to the bud 
as it is safe. The idea in cutting high is to leave a stub which 
may serve as a support to which the shoot from the bud 
may be tied, the stub being removed at the close of the first 
season's growth. All shoots below as well as above the 
scion bud must be removed, otherwise they will starve the 
bud by diverting the sap to their own development. Further 
production of these shoots from the stock will occur, and 
they must be frequently checked in order to secure the best 
growth of the scion. 

By far the greater number of plum trees grown com- 
mercially are produced by this process of budding. It is the 
easiest and best way when trees are grown in quantity, but 
as good trees can be produced by grafting, and often it is 
more convenient to graft than to bud. Here at the station 
we have used both methods and have found grafting rather 
more uniformly successful than budding. During the bud- 
ding season the weather is hot and dry, and frequently no 
water is availabie for irrigating; many buds dry out and fail 
to take, so that under conditions similar to ours the writer 
believes the method of propagating by grafting will give the 
best satisfaction, and particularly to the fruit grower who 
propagates in a small way for his own use. I amaware that 
the idea is current that stone fruits, and particularly plums, 
are difficult to graft. It is true that certain precautions must 
be observed that need receive little attention when grafting 
the apple, but these simple precautions taken, the work is no 
more difficult and success is as certain as with the apple. Of 
course the mechanical work of putting scion and stock to- 
gether must be well done, but outside of this there are three 
points upon which success mainly depends: 


_ Ist—The perfectly dormant condition of both stock and 
scion at the time the operation is performed. 


2nd—The protection of the union by coating with wax. 

3rd—Proper care of the plants between grafting and 
setting 1n nursery. 

The work is usually performed during March or April- 
and may be continued so long as the dormant condition can 
be maintained. Plums, however, start growth under slight 
stimulus, and a few warm days will end the work, even when 
all ordinary precautions have been taken. We have fre- 
quently filled the passage-way in our outside storage-pit 
with snow and ice asa means of keeping the temperature 
down, and have thus gained a few days. It is best to com- 
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mence early enough so that the finish need not be hurried 
by the weather conditions. 

_ Scions must not only be dormant, but: must be other- 
wise in good condition, neither wilted from drying, nor 
water soaked from being kept too wet. Sometimes it is con- 
venient to take them from the trees as wanted; more fre- 
quently they will be cut late in the fall, or come from a dis- 
tance, and the question of how to keep them will present 
itself. 

They may be kept in an outside cellar or pit, packed in 
dry leaves, or in moss that is but slightly damp. The aim 
should be simply to provide conditicns that will prevent the 
loss of moisture, without affording opportunity for the ab- 
sorption of an excess. 

The particular method of grafting to be used is much a 
matter of taste. Several are available, among which the 
four following are named in the order of the writers prefer- 
ence: Veneer, Side, Whip and Cleft. 

The side graft is probably in more general use than any 
of the others, but after several years experience with all of 
them we are inclined to favor the veneer method as giving 
the most perfect union. 

It is not our purpose to here discuss the principles of 
grafting, but may remark that in all grafting no union takes. 
place between cut surfaces of the wood. It is only through 
the adjustment of the cambium of the scion to that of the 
stock that union is secured, and here, it is not a union be- 
tween cells existing at the time the grafting is done, but 
through new cells formed in extension of the cambium, 
which is the only channel of communication between leaves 
and roots. This being true it seems reasonable that the less 
the area of cut wood surfaces the better. The minimum of 
cut wood is secured by the veneer graft, which only exposes 
the wood in the oblique transverse cuts at the apex of the 
stock and the base of the scion. The one valid objection 
that may be urged against the veneer graft is that the scion 
is easily displaced. It is easily displaced if carelessly tied, 
but with reasonable care no trouble need be feared. 

Whatever the method used the union should be thor- 
oughly covered with some protective wax. A liquid wax to 
be applied with a brush is most convenient, and of several 
preparations one known as “Alcoholic Plastic’ answers the 
purpose admirably. It is made as follows: One pound of 
Resin, and one ounce of tallow melted together; remove 
from the fire, and after cooling slightly, but while still liquid, 
add eight fluid ounces of alcohol and stir thoroughly. ‘This 
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preparation must be kept in a corked bottle or other closed 
vessel to prevent the evaporation of the alcohol. 

After waxing, the grafted stocks should be returned to 
the cellar and kept at as low a temperature as possible with- 
out freezing until the time arrives for setting in nursery. 
The roots may be placed in damp sand, but the scions should 
be subjected to such a degree of moisture only, as will pre- 
vent drying out. The practice as here outlined is success- 
fully followed in our station work. In all grafting of plums 
the scion should be set low on the crown so that when 
planted in the nursery the union may be placed well below 
the surface. 

The plum isseldom worked above the ground, and there 
seems to be nothing in the practice to commend it for prac- 
tical purposes. If it is attempted it should only be with va- 
rieties of close affinity, and trees of equal vigor. Scions from 
a slov.-growing tree can not keep pace with the branches of 
a strong-grower, and if the strong scion is worked on the 
slower stock it,soon out-grows it and the wind breaks it off. 
A scion of Indiana Red worked ona wild Americana stock 
three feet above the ground produced a straight whip five 
feet and four inches long; three feet above the union the 
new growth had the same diameter as the stock at the 
ground. It yielded to a moderate wind. 

Sometimes when new varieties are procured for trial, a 
few scions are worked on old trees of some Americana var- 
iety with a view to obtaining fruit quickly. Thus trees of 
Ogon planted in 1804, have not yet fruited because the tops 
have killed back every year, but scions from the same trees, 
taken at the time of planting and worked on Prunus Ameri- 
cana have given us fruit for four seasons. Several other 
varieties treated in the same manner at the same time, have 
fruited, but all, or nearly all are now dead. 


PRUNING. 


_ Plumsare pruned for the purpose of forming and maintain- 
ing a symmetrical, well-balanced top. Five or six branches, 
equally distributed about the stem, and having some verti- 
cal separation are selected to serve asa framework of the 
top. All others are removed and the leader is shortened. 
The branches retained should be cut back to some extent, 
but this, as well as the shortening of the leader must be de- 
termined for each tree, being dependent upon the root 
system and the apparent vigor. In shortening the branches 
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and leader, the cuts should be made with reference to se- 
lected buds so placed that the future extension may be in 
the right direction. During the summer, rub off shoots that 
start where they are not wanted, and pinch the tips of ram- 
pant branches. The second spring, before growth starts, 
the shoots produced the previous year should be shortened 
to encourage the production of secondary, interior branches, 
and the third year this is repeated. From now on no prun- 
ing is needed except to remove branches starting from 
wrong places, and to control the too vigorous branches. 
This is best done by summer pinching, and in general it 
may be said that the less the knife is used on plum trees, 
the better it is for the trees. Most varieties require very 
little pruning after the head is once formed. 


SOILS. 


Plums will adapt themselves to almost any soil that 
would be chosen for apples or pears. Domestica varieties 
are perhaps best on heavy clay, and choice may be more 
restricted with them than with most other sorts. The native 
varieties are suited to a wide range of soils, but no tree will 
do well on wet mucky soils, and as the plum is a rank feeder 
and a heavy bearer, the soil must be of good fertility. 

Colorado soils are in general well adapted for the plum, 
but even on the best, good cultivation and the systematic 
application of fertilizers is to be recommended. 


IRRIGATION, 


Frequency in the application of water is so entirely de- 
pendent upon the character of the soil that no rule can be 
made to govern it. How best to irrigate must be learned 
by experience for each orchard. Ina general way it may be 
said that young trees require more water the first season 
than is necessary in succeeding years. Trees that are bear- 
ing, however, should receive almost, if not quite as much, as 
young trees; it is necessary for the best development of the 
fruit, 

The soil of our station orchard is quite compact; water 
does not spread quickly, and each irrigation is prolonged 
for a greater time than would be necessary on more porous 
soils. When water is available we aim to apply it once in 


14 NOTES ON PLUM CULTURE. 


ten days for young trees; somewhat less frequently for those 
older. 

The effects of drouth during July and August are fre- 
quently seen in small inferior fruit. Reasonable care in the 
application of water during this period will well repay the 
trouble in the increased quantity and better quality of fruit. 
It is, however, possible to apply an excess that may work as 
great injury as the most severe drouth. It is only by study- 
ing the appearance of the trees, and the condition of the 
soil that we can arrive ata correct adjustment of the quantity 
to be applied, and the time to apply it. 

It is our practice here to withhold water after the first 
of September in order to check growth and allow the wood 
to ripen. If growing conditions are maintained through the 
fall the young and succulent wood, of even the hardiest va- 
rieties, is in danger of being killed by low winter tempera- 
tures, but if well ripened it survives the extremes without 
injury. Twice within the last six years we have had open 
winters that proved more productive of injury to trees than 
those of continuous cold. There were long periods of warm 
weather, with no frost in the ground, and no precipitation to 
supply the continuous evaporation. The soil became very 
dry and the trees suffered in consequence. To guard as 
much as possible against such injury it is the practice to 
give a late irrigation, usually in November. If the ground 
can be well saturated at this time it is of advantage to the 
orchard whether the months following be cold or warm; if 
warm, the soil will not so soon become dry, and danger from 
this source is lessened; 1f cold and the soil be continuously 
frozen, the moisture is retained and the conditions for spring 
growth improved. 

The system practiced is to furrow for each irrigation, 
using a one-horse pkow and turning from the trees on both 
sides of the row. Water isrunin the furrows for from 12 
to 36 hours according to the supply available and the condi- 
tion ofthe soil. As soon as practicable after irrigating, a 
harrow is used to close the furrow and smooth the surface. 
The aim is to keep a constant mulch of loose soil on the sur- 
face soas to check evaporation as far as possible. The 
method of applying water is illustrated by plate 2. 


PLANTING DISTANCE. 


Practice and opinion on the matter of distance between 
trees in orchard planting is very diverse. The general 
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tendency is toward too close planting and sometimes this 
is carried to extremes. I have seen several plum orchards 
planted roxro feet that even now when only five years old 
have much the appearance of thickets. Cultivation is im- 
possible, the fruit is small and difficult to get at, insects find 
a safe harbor, and the whole arrangement is unsatisfactory 
and unprofitable. The condition grows worse with each 
year. In most cases the suggested remedy, removing al- 
ternate trees will not be followed until too late, if at all, and 
within a very few years the whole must of necessity be de- 
stroyed and the labor of planting lost. 

The most common practice is to plant 15x15 feet, but 
this is too close for fully developed trees of spreading habit. 
A better plan is to plant 15x20 feet, or to adopt the accepted 
California practice and allow 20x20 feet. There seems to 
be ad cided preference for low-headed trees on the ground 
that they are less liable to injury from winds, and that less 
trunk is exposed to the action of the sun. With low-headed 
trees the disadvantages of close planting are more quickly 
apparent. The best formed trees in the station orchard are 
those headed at from 30 to 36 inches from the ground, and 
this is the distance we prefer. 

Young trees are frequently injured by what are known 
as ‘frost cracks,” a longitudinal splitting of bark and wood 
on the south side of the trunk, occurring in late winter or 
early spring and attributable to the extreme daily range of 
temperature which often occurs at this season. To guard 
against this injury the trunks should be protected in some 
way. Various devices have been used, but we have found 
wrapping with burlap the most effective and least expensive. 
Burlap that had been used for baling was purchased at dry 
goods stores for two cents per pound and cut into four inch 
strips, three and four feet long; one pound giving as an 
average g strips. hese are wound spirally on the trunks, 
being held at the top by a lap, and by tying with cord at the 
bottom. One man can cover from 50 to 60 trees per hour 
with the material prepared and ready at hand. The cover- 
ing is applied in November and removed in April or May. 
The same bands will serve for two or three seasons. The 
whole cost is less than one cent per tree and well repays the 
trouble. 


ARRANGEMENT OF VARIETIES. 


The Wild Goose plum has long been regarded as infer- 
tile when isolated and the same complaint has occasionally 
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been made regarding other varieties, but the experiments 
carried on by Professor Waugh of Vermont, in 1896 and 1897, 
indicate that the actual extent of self-sterility among varie- 
ties of plums, has by no means been appreciated or even 
suspected. His tabulation shows that of 6,428 blossoms cov- 
ered, on 56 varieties, representing all classes of plums, only 
five produced fruits, and from the experiments he draws the 
conclusion that “For all practical purposes, all classes and va- 
rieties of native plums may be regarded as absolutely self- 
sterile.’ Itis possible that these results might vary with 
different seasons and in different localities, but making due 
allowance for possible variations, the results are startling 
enough to warrant the attention of plum growers every- 
where. The cause of this sterility appears to lie largely in 
the inefficiency of the pollen of the flowers of a plant upon 
the stigmas of the flowers of the same plant. It hes in a 
condition known to exist among many wild as well as culti- 
vated plants. One of nature’s provisions for securing cross- 
fertilization, and the plants come under the recognized 
Knight's Law that ‘Nature intended that a sexual inter- 
course should take place between neighboring plants of the 
same species.” 

Self-sterility may also be due in some degree to imper- 
fect pistils, the cause for which must be sought in some 
physiological weakness of the tree, such as might be brought 
about by the work of insects or disease, or from a feeble 
condition following the production of a phenomenally heavy 
crop of fruit. Or it may be due to unfavorable weather con- 
ditions prevailing at blooming time. 

Recognizing, then, the existence of self-sterility among 
plums, the aim should be to so associate the varieties that one 
may supply pollen for the other. No data is at hand to 
warrant any definite statement as to what varieties are es- 
pecially adapted tu the fertilization of certain other varie- 
ties, but it is perfectly plain that to be of use to each other 
the varieties must. bloom at the same time. 

The varieties now available from which to choose show 
a rather wide range in blooming period; some bloom to- 
gether, some finish before others begin and some overlap. 
All are much influenced by the weather at the time, and 
this may vary greatly in different years, not only in the ap- 
pearance of the first flowers, but in the length of the bloom- 
ing period. While irregularities may occur from one sea- 
son to another, it is probable that the relative periods of the 
different varieties will remain much the same. For the con- 
venience of those who may be interested, and also as a stim- 
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ulus to further observations, we here reproduce a graphic 
tabulation of blossoming periods as given by Mr. J. W. Kerr 
of Denton, Maryland, in his trade catalogue. The same 
table is also given by Professor Waugh in the tenth report 
of the Vermont station. The latitude of Denton is very 
nearly that of Colorado Springs, but differences in altitude 
and climate make a considerable difference in the season of 
growth. The varieties are arranged in the table in the or- 
der of blossoming and it serves to show those blooming 
together as well as the earliest and latest bloomers. It will 
be observed that the classes to which the varieties are 
referred embrace three not given in our list; Nigra, Wayland,,. 
and Watsoni. The firstis separated from Prunus Americana: 
and recognizes in the northeastern plums the variety nigra. 
of that species. The Wayland group is separated from the 
Miner group, with which it has close affinities. The Watsoni 
group are varieties of Prunus Watsonz, a sand plum ranging 
from Nebraska to Arkansas, and in the cultivated forms 
closely resembling the Chicasaw varieties with which they 
are usually classed. 
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PLUM BLOSSOM CHART. 
Showing average plum blossoming seasons in the latitude of Denton,Md,. 


From J.W.Kerr's catalogue. Fall of 15¢7. 


April 9 14 19 ae 29 

Variety Class 
Burbank Japanese 
Ahundance do eee 
Satsuma do rE ney 
DeCaradeuc Hybrid 
Georgeson Japanese +4 
Engre do heel 
Marianna Hybrid 
Ogon Japanese a 
Chase do apo 
Brill Hybrid? wa 
Chabot Japanese 
Kelsey do ae 
Ogeechee Chicasaw Enos 
Shiro Sumomo Japanese Sige 
Strawberry Watsoni ERDAS 
Uchi Beni Japanese Das 
Maru do RSERE 
Wazata Nigra Besa 
Yosebe , Japanese RSS Se 
Caddo Chief Chicasaw a 
Barly Red do aa 
Emerson do 
Itaska Nigra Biba 
merr Japanese Sia wt 
‘Munson Chicasaw EL 
Beaty do +44 
Clark Wild Goose 
Clifford do wi 
Colletta Chicasaw 
Deep Creek Americana Bias 
Drouth King Wild Goose fie 
El Paso Chicasaw aed 
Hattie Myrobalan ei sied 
Yellow Sweet Americans a 
Arkansas Lombard Chicasaw 
Cheney Nigra BES 
De Soto Americana at 2a 
Harrison di Be 
Heaton do 
Hiawatha do . 
Hogg's No.2 Hybrid Een 
Hughes Chicasew BEIBt 
Jefferson Domestica Baan 
Lombard do BRES 
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Variety 


Milton 

Newman 
Ocheeda 
Richland 
Rollingstone 
Spaulding 
Wilder 

Wild Goose 
Willard 
Yellow Panhendle 
African 
Cherokee 
Freemal's Favorite 
Gaylord 
Hilltop 
Louisa 

Miner 
Minnetonka 
Onto Prolific 
Osage 

Sniley 

Speer 

Texas Belle 


Flum Blossom Chart. continued. 


April 
Class 


Wild Uoose 
Chicasaw 
Americana 
Domestica 
Americana 
Domestica 
Miner 
Wild Goose 
Japanese 
Watsoni 
Chicasew 
Americana 
Wild Googe 
Americana 

do 

do 
Miner 
Americana 
Wild Goose 

do 

do 
Americana 
Wild Goose 


Van Buren Americana 
Wniteker Wild Goose 
Yellow Transvpareit Chicasaw 
comfort Americana 
cottrell do 
Cumberland Weyland 
Kickapoo Americana 
Lone Ster Chicasaw 
Lord's Seealiug AME TLCANa 
Rockford do 
Roulette Wila Goose 
Schley et do 
Champion Americana 
Ches. Down tig Wild Goose 
Clara Americana? 
Cluck Chicasaw 
Crescent City Miner 
Columbia Wayland 
Dr.Tyler’s Sugar bropDomestica 
Gordon Americana 
Hemmer do 
Hawkeye do 
Ideall Miner 


Indien Chief 


Wild Goose 


©) 14 A) 24 


19 
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Plum blossom chart. continued. 


April fe) ia 

Variety Glass 
Indiana. Red Miner 
Jewell Wild Goose 
Kampeska Americana 
Kopp do 
LeDuc do 
Maquoketa Miner 
Muncy Americana 
Nelly do 
North Carolina do 
No.0.( Kerr) do 
No.6.( Kerr ) do 
No.20.(Kerr ) do 
Old Gold do 
Parsons Miner 
Pottewattome Chicasaw 
Prairie Flower Miner 
Purple Yosemite Americana 
Sophie Wild Goose 
Sucker State Wayland 
Weaver Americana 
Wooten Wild Goose 
California Americana 
Coe's Golden Drop Domestica 
Colorado Queen Americana 
Dakota do 
Forest Rose Miner 
Gerinan Prize Domestica 
Hanson Americana & 
Honey dao | 
Iris Miner mali: 
Jones 'Late Americana BE 
Knudson's Peach do REE 
Macedonia Wild Goose BEM 
Mankato Americana Lath 
Maryland Hybrid Bias ei 
Missouri Apricot Wayland RES EE 
Moore's Arctic Domestica a 
Morena Wayland sea Bs 
Noyes Miner BRE 
Piran Chicasaw © i 
Poole's Pride Wilda Goose 
Reine Claude Domestica il 
Gen.Hand aes do- 
Shropshire PDainson do 
Stoddard Americana 
Surprise Wild Goose 


Williams Nigra 
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Veriety 
Ste 

Willitams'l!o.i7 
woif 
Forest Garden 
Red Panhandle 
Smith 
Utah Hybrid 
Wayland 
World-beater 
Wyant 
American Hagle 
Garfield 
Illinois Lronclad 
Irene 
Kanawha 
Leptune 
Marion 
Blackhawk 
Rachel 
Reed 
Choptank 
Esther 
Galena 
Goiden Beauty 
Heideman'ss3 
Heideman's Biack 
Heideman's Red 
Heideman's yell 
Newton Egy 
Pendent 
Reche 
William's No.0 
Winnebago 
Wood 
Prumis maritima 
Holt 
Joe Hooker 
peffer's rremlun 
Smith's Red 


April 
Class 


Americana 

do 

do 
Watsonl 
Americana 
Hybrid 
Wayland 

do 
Americana 

do 
Wayland 
Americana 

do 
Wayland 

do 
Americana 

do 
Miner 
Wayland 
Wild Goose 
Miner 
Americaia 
Wayland 
Americana 
Besseyl 

do 

do 
Americana 
Wild Goose 
Americana 

do 

do 

do 
Maritira 
Americana 

do 

do 

do 


Plum tlossom chart. 
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The tollowing table arranged on the same plan as the 
preceeding shows the blossoming period of 56 varieties as 
compiled from observations in the station orchard last spring. 
Five of the varieties are represented by old trees of uncer- 
tain age, and of whose early history we have no record. 
They are probably from 12 to 15 years old. 

The representatives of tive others are young trees planted 
in 1897 and blooming for the first time. The remainder 
were planted in 1894. The flowering period of Joe Hooker 
was probably delayed, and later prolonged by the trees 
having been killed back somewhat during the preceeding 
winter. The flowering period is here computed from the 
time the first flowers opened until the petals had in great 
part fallen. 
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Flowering Periodg of Plums as Recorded in the Station Orchard 


Variety 


Kampeska 
Minnetonka— 

Coe's Golden Drop 
Ocheeda 

Cheney 

Deep Creek 

Speer 

Comfort 

Forest Rose 
Harrison's Peach 
Kopp 

Lombard + 
Moldavka 

Purple Yosemite 
Rollingstone 
Weaver 

Willard # 

Yellow Sweet 
Apricot 

Cottrell 

Hawkeye 

Kickapoo 

Le Duc 

Leonard 

Peffer's Premium 
Rockford 

Russian No.2 
Hytankio # 

Ide 

Little Blue Danson 
Maryland 

Ogon F . 
Prairie Flower 
Wolf (young ) 
Wyeht 

Chabot # 
Hilltop 

Joe Hooker 
Missouri Apricot 


Moon 

Champion + 

Clark 

Van Buren 
Winnebago 
American Eagle 
Idall 

Newton 

Pennock's Hybrid 
Wild Rose 

Wolf (oid) 
Colorado Queen 
Hammer 

Illinois Ironclad 
Miner 

Quaker 

Spaulding # 
Sunset 

Prairie Flower esis 


(old) 


OS eee 


For the yer 


April 


|__Preapse az 
a 


LL 


1898. 


9 {20 


ES 


Hea arvana eer aorer 212127 2 
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The two striking differences between the Maryland and 
Colorado tables are in the commencement of blooming, and 
in the length of the periods. Variations in climate would 
lead us to expect differences in the commencement of 
blooming. This difference here appears as 17 days, and it 
is probable that variations in seasons might either increase 
or diminish this. The variation in length of period is ex- 
treme. The shortest period recorded in the Maryland table 
is two days. Our shortest is 12 days. While the longest 
periods are 7 days in Maryland, and 31 days in Colorado. 
The great length of the periods observed here may in part 
be accounted for by the weather conditions prevailing at the 
time. It will be observed that 11 varieties began blooming 
on April 30, and that 9 varieties beganon May 7, none open- 
ing in the interval. This is directly attributable to a storm 
which prevailed between these dates. 

Rain began falling on April 30. On the night of May 2 
wet snow accumulated to the depth of 3.inches. This 
covered the trees and clung to the branches for several days. 
It was continuously cloudy to the evening of May 5, and 
while it did not freeze during this period the temperature 
was sufficiently low to effectually check all vegetation. On 
examination after the storm it was found that considerable 
injury had been done. The Americana varieties that began 
opening the flowers before the storm, had most of the pistils 
in the open, and nearly open flowers killed. Kampeska 
showed less injury than any other variety of the class, On 
Minnetonka, Speer, Ocheeda and some others, it was diffi- 
cult to find an uninjured pistil in open flowers or much 
advanced buds; most of them were black and shriveled. 
Coe’s Golden Drop among domestica varieties had the pistils 
killed in all open flowers, and also in all advanced buds. 
Russian No. 2, although having no open flowers, had started 
the buds to some extent and nearly all were killed. 
Varieties that were at the time quite dormant suffered no 
apparent injury. 

The storm had the direct effect of delaying the appear- 
ance of bloom on most varieties for at least seven days. 
Whether it effected the blooming period or not is matter of 
conjecture, but it seems probable that the long pericd of low 
temperature may have influenced the vitality of the buds in 
such way as to prolong the blooming season. The tablesare 
suggestive, and the questions which arise from studying 
them can only be answered from the data of a number of 
seasons. Similar tables representing the different districts 
of the state, and covering other orchard fruits would be 
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helpful to the planter, and would become more valuable as 
the number of years over which observations extend, in- 
creased. 


TO WHAT DEGREE ARE PLUMS SELF-FERTILE. 


The following tests to determine self-fertility were under- 
taken last spring, the work being in charge of my assistant, 
Mr. J. H. Cowan, who was assisted by one of our students. 
The preliminary work of covering the flowers was perform- 
ed on April 30th, with the exception that the flower clusters 
on one variety, Missouri Apricot, were covered May 7. 
Grocers paper bags were used and securely tied. Such 
flowers as were open, or partially open, were removed 
before covering, and are not counted. Approximately one 
half of the clusters were hand-pollinated, the other half 
being left tothemselves. The hand-pollinated set embraced 
43 clusters, containing 629 flowers and represented 4o vari- 
eties. The stigmas of all flowers were dusted with pollen, 
either from the same flower, or from other flowers of the 
same cluster. This work was performed on the dates as tab- 
ulated, May 14-18 inclusive. The pistils were at this time 
in good condition, the stigmas appreciably viscid. The 
pollen was also in good condition, and the stigmas were 
copiously covered. 

The examination June 6 showed 113 apparently well 
formed fruits, and 105 imperfect fruits, those that showed 
some development of the ovars, but did not appear to be 
well fertilized. In other words it appeared on June 6 that 
17.94 per cent. of the flowers had produced good fruits, and 
16.69 per cent. had set imperfect fruits. At the final exam- 
ination June 23 there remained 6 fruits representing a frac- 
tion less than 1 per cent. of the flowers pollinated. 

In the following tabulation the number of flowers treated 
is given for each variety, together with the number of fruits 
formed, and also the estimated stand of fruit on the trees. 
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SELF-POLLINATION OF PLUMS. SPRING OF 1898. 


Tabulation of Hand-pollinated Set. 


When No. of Fruits Jun.6 Fruits Stand of fruit 
pollinated. flowers. Good. Imp. June 23. estimated. 


American Hag'e ..... May 14 16 2 2 1 light 
ANTOBIGOR, 5 oh eo aauie eT 7 0 1 0 medium 
@heucymewa wee ee us iL 8 0 5 0 very light 
Colorado Queen...... roeelet ils; 5 2 1 medium 
Comtortiete aes Sela 4 0) 0 0 very light 
Goutrell eee eee ee C18 18 10 2 0 medium 
Weep Oreckwenr eee mld! 23 0 1 0 medium 
Deep Creel... onto coat 19 0 0 0 medium 
Morostmbpsomeeseeee a: “14 7 0 B} 0 medium 
Hammers... ances Soars 8 4 0 0) none 
IS IENEEIELODY iy dips ose CG iat 9 0 6 0 heavy 
TBE WENO «Ano sone -bak 14 3 4 1 0 medium 
Einiito pig. ate ay ra 17 0 2 0 very light 
Lis CAs ae da itd 14 4 3 0 very light 
Dla eee, 8 we ee “14 12 0 8 0 very light 
Illinois Ironelad...... Cos ANTS 93 0 0 0) light 
Joeptookerma ss ie aE: 10 0 i 0) very light 
Isomipes ac teas. seer oe a: 15 0 4 0 medium 
KGic aio Oommen eee a ike 8 5) 0 0 medium 
KOPP neeetn sete eae sales 19 0 8 0 medium 
EesDAG RO eee rene reli) 14 5 4 0 very light 
IVISO MME oo don on ah Seen 22 8 0 0 very light. 
Little Blue Damson.. “ 17 13 2 1 0 medium 
Marylandyar 0 basco “14 19 0) 0 0 very light 
Miners Oe aovsen ia eke Ho leh 22 8 0 0 very light 
Miunnetonkaas....)1 ¢ ks 2 il 2 1 very light 
Missouri Apricot..... 14 10 2 ¥ 1 light 
MIO OMAR Ry. Sat hee ata 27 9 7 0 light 
Ocheocdawae meade ee. boli, ality 4 6 0 medium: 
Peffer’s' Premium..... Cecaly| 12 2 6 0 medium 
Prairie Flower. ..... i 718 13 8 0 0 very light 
Purple Yosemite..... “14 10 6 1 0 heavy 
QUA CIy Ray are aS) 20 1 > 0 none 
Rockford BE re as oP ari 4 0 0 0 very light 
NPCGLen sates steers SOUL 15 4 5) 0 very light 
Wana unenhe. oes AG B4 7 9 2 medium 
WBA OR sacs siege ie “14 tf 0 0 0 very light 
Wreavieni iwancas vex: re: 6 2 1 0 very light 
Wine bagole. snes CoA. 26 2, 3 0 heavy 
Wolf (young tree).... “ 14 20 0 4 0) heavy 
NUL ER tear gee te tea wie 26 8 2; 0 very light 
Yellow Sweet........ ree 8 0 0 0 very light. 
629 113 105 6 


The self-pollinated set embraced 48 clusters containing 
699 flowers and represented 41 varieties. At the time the 
pollen was applied to the flowers of the other set, these 
clusters were examined and such flowers as then had dead 
pistils were removed, otherwise they were not disturbed 
until the count of June 6 was made. 
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SELF POLLINATION OF PLUMS. SPRING OF 1898. 


Tabulation of Set Not Hand-pollinated. 


Number of Fruits June 6 Fruits Stand of fruit 
flowers. Good, Imperfect. June 23. estimated, 
American Eagle...... i 2 2 0 light 
PANEL CO Demy oe esha suc. en. 16 (0) 0 0 medium 
CWORGO VR chaie oe actc as 8 0 0 0 very light 
Colorado Queen...... 19 3 8 0 medium 
(CHONTa: oS SP eee ent a 2 0) » 0 light 
lonteel has Sas T es 19 4 4 ) medium 
Deep Creek... ...... 6.5 a 0 2 0 medium 
Deap Greekksy fol s26 <4 12 0) 0 0 medium 
Forest Rose........... 14 0 2 0 medium 
PA AMINGE cee eee S os 8 2 1 0 none 
IFFARTISOH oeduuitee ss «2 11 0 0 0) heavy 
iawkeye oc seecncss. 2 11 4 1 0 medium 
ist (fy eam aces re LD. 0 0 0) very light 
UNE ea etc ea 14 i 4 0) very light. 
TIGR & eres Corer eeeere 15 4 4 0 very light 
Illinois Ironclad...... 22 0 0) 0) light 
SLICERS (600) <2 15 5 1 0 very light 
ISG 009 0121 =] ee eee 14 0 2 0) medium 
EMGKAPOOR I cc clei. 10 6 2, 0 medium 
(R05 0} 0 Relay cheese eee 25 0 8 0 medium 
WSO Che rate siz aie aise 9 3 5 0 very light 
HE CONAEG tre Srscarere «6 s/s. «lnve 16 0 5 0 medium 
Little Blue Damson... 15 7 0 4 medium 
UVR VINE crore here uses vie 20 0 0 0 very light 
IY Li) et a ar ee ca 21 8 0 0 very light 
IVimmnetonikay )./ s/s... 10 0) 2 0 very light 
Missouri Apricot...... 14 0 9 0 light 
GOMER. els seca nes 28 iil 8 0 light 
WOGIGCARS eae eos ie e's 18 6 2 0) medium 
Peffer’s Premium..... ali. 4 10 0 medium 
Pennock’s Hybrid..... 37 0 ZB 0) light — 
Prairie Flower......... 13 8 0) 0 very light 
Purple Yosemite...... 15 9 6 1 heavy 
Minalkeregen es woe vise 18 1 if 0 none — 
ERO ORAOT Chere’ s los fo: <n. si8's 2 1 0 il very light 
SiOeEIS. Sek erm arias 10 3 4 0 very light 
Weare UEOM ss iu. scare «+ 90 15 18 0 medium 
CTO ai ne a ea 9 1 0 0 very light 
Wieavereac Ge wasn. ie 7 0 0 0 very light 
Winnebar0™.....\..5-:.¢. 20 0 4 0 heavy 
Wolf (young tree) .... 24 6 6 if heavy. 
NVircumibeem arse nne,. 5 15 9 B: 0 very light 
Yellow Sweet......... 4 0 0 0 very light 
699 123 129 7 


It appears from the table that on June 6 there were 123 
well formed fruits and 129 imperfect fruits. Or of 699 
flowers covered, 14.73 per cent. set good fruits and 15.59 per 
cent. set imperfect fruits. On June 23 the number of fruits 
remaining was 7 which represents practically 1 per cent. of 


the fl covered. 
‘ ctidaniber of fruits produced by the hand-pollinated 


flowers was 6. 
In final results, then, there is a remarkably close agree- 
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ment between the two sets. The natural conclusion is that 
the infertility did not lie in the failure of the stigmas to re- 
ceive pollen, but must be looked for either in an inherent 
antipathy which the plant has for its own pollen or in some 
outside influences. One factor comes in here which makes 
the test unsatisfactory, and prevents drawing definite con- 
clusions as to the cause of the infertility, and that is the 
extent of the “June drop” from all parts of the trees. This 
was so great that even the trees that set full, matured but a 
light crop. The same influences acting upon the covered 
flowers would account, in’ part at least, for the results re- 
corded. Further discussion of the cause is reserved until 
additional observations suggested by the work this year can 
be made. 


INSECTS AND DISEASES. 


INSECTS. 


The insects commonly injurious to the plum, such es the 
Plum Gouger, Curculio and Plum Aphis are treated in bul- 
letin No. 47 by Prof. Gillette, and for information concern- 
ing them the reader is referred to that bulletin. 


FUNGUS DISEASES. 


There are several parasitic fungi reported from differ- 
ent parts of the country as injurious to the plum. At least 
four of these are present in Colorado, although only two 
have thus far worked to an injurious extent upon the culti- 
vated plums. The fungus at present doing greatest injury, 
and having widest distribution, is the Leaf-spot or Shot-hole 
fungus (Cylndrosportum Padi Karst). It has been present 
in the station orchard for four seasons, but has been con- 
trolled by spraying so that no serious injury has resulted 
from it. ; 

The disease makes its appearance early in the summer 
or about the time the leaves reach fullsize. Small circular 
spots of a red or purplish color are first seen; these enlarge 
somewhat, becoming an eighth of an inch in diameter. As 
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the fungus matures the spots become dark brown, shading 
to light brown at the center. The effected tissue shrivels, 
and finally drops out, leaving circular holes. Frequently 
several spots may run together so that the holes left in the 
leaf are irregular in form. Under conditions favorable to 
the fungus the spots become so numerous as to destroy the 
leaves attacked, and thus check the growth of the tree, and 
prevent the development of fruit. If stocks in nursery are 
attacked the bark tightens and the stocks cannot be budded. 
The injury to orchard trees by this disease is in direct pro- 
portion to the percentage of leaves destroyed, but no mat- 
ter how slight the attack it should receive attention. The 
tree is entirely dependent upon the leaves for the elabora- 
tion of its food, and any injury to them that interferes with 
the fulfillment of this important office, checks growth and 
injures vitality. 

Various remedies have been tried and of these the Bor- 
deaux mixture gives the most general satisfaction. In our 
practice with this remedy we have made two applications; 
the first as soon as the leaves are developed, and a second 
about three weeks later. In some seasons a third and pos- 
sibly a fourth application may be necessary, as the develop- 
ment and spread of the fungus isin a measure dependent 
upon weather conditions. The appearance of leaves at- 
tacked by this fungus is shown in Plate III. 


POWDERY MILDEW OF THE PLUM AND CHERRY. 
(Podosphera exyacanthe (DC.) DBy.) 


This disease has not appeared in the station orchard, 
but has been reported to us from two counties of the state 
asinjurious to both plum and cherry trees. The fungus 
works entirely on the surface of the leaves, drawing its 
nourishment from the cells by means of minute suckers 
called haustoria. Badly effected leaves appear as if dusted 
with a white powder and this suggested the common name. 
Being on the surface the fungus is easily reached by any of 
the fungicides in common use. Finely powdered sulphur, 
which has been successfully used in combatting the closely 
related Powdery Mildew of the Grape, would probably be 
equally effective in destroying this parasite. The fungus 
does not usually appear until late in summer; our specimens 
were received the last week in August. 
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BLACK KNOT. (Plowrightia morbosa. (Schw.) Sacc.) 


The fungus causing Black Knot has proved destructive 
to plums and cherries in many of the eastern states. It has 
not, so far as my information goes, attacked cultivated 
plums in Colorado, but from its presence as a common dis- 
ease of the wild plums of the foothills, it seems likely that 
it may at any time appear in orchards. 

Black Knot has been known as a disease of plums for a 
long time, but the cause was for many years a mystery. The 
larve of insects being commonly found in old knots, led 
many to believe that the trouble was due to them, but ento- 
mologists proved that the larve found were only using the 
abnormally developed tissue as food and had nothing to do 
with its production. The fungus was named as early as 
1821, but discussion regarding the true cause continued un- 
til Dr. Farlow,* of Cambridge, worked out the life-history 
of the fungus and established beyond controversy that it was 
the cause of the trouble. 

The presence of the disease is first seen in swellings on 
twigs; these are due toan abnormal growth induced by 
some irritative action of the fungus threads. As develop- 
ment proceeds the bark is ruptured, the exposed inner sur- 
face becomes covered: with spore bearing threads, and as- 
sumes a greenish-brown color. These spores are carried by 
winds.and insects and serve to infect other branches or 
trees. The knot continues to enlarge, becomes hard and 
changes to a brown and finally black color. Later in the 
fall cavities formn in the tissue of the knot and in these are 
produced a second form of spores which may escape in 
spring to further disseminate the fungus. Two other spore 
forms have been found in connection with the fungus, but 
further mention of them is not necessary here. The threads 
of the fungus are perennial within the tissues of the plant, 
and when once started, growth will continue until the tree 
dies. While spraying at the proper time may be of use in 
preventing spreading to other trees, the only effective rem- 
edy for trees attacked, is to cut and burn the knots as soon 
as discovered. One of the characteristic knots is shown in 
Bigei rr iaceure 


* Bulletin Bussey Institution Part V pp. 440-453 (1876). 
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PLUM POCKETS. (Lwoascus Pruni Fekl,) 


This disease is quite common on the wild Prunus Amer- 
zcana of the foothills, but no case of attack upon cultivated 
varieties has come to my notice. The effects produced by 
the growth of this fungus are perfectly characteristic. Not - 
long after the fall of the blossoms the young plums begin to 
enlarge rapidly; they become spongy or bladdery, and may 
vary in size from one-half inch to an inch and a half in 
diameter. In color they are pale green or yellowish. By 
the middle of June they shrivel somewhat, becoming 
wrinkled, and finally drop. Sometimes only a portion of 
the fruits on a tree are effected and again no normal fruits 
can be found. The fungus sometimes attacks the leaves 
and young twigs, but more commonly the fruit only is 
effected. From observations on wild plums it appears that 
trees once infected continue to produce pockets each year, 
and it is doubtful if these trees can be cured; but spreading 
to other trees can be prevented by gathering and destroying 
the pockets before the spores are discharged. Where the 
disease attacks cultivated plums it seems to be quite local 
and does not spread rapidly. It is never epidemic and there 
‘seems to be little danger of serious injury from it. Plum 
pockets as they occur on the wild plum are illustrated in 
Fig. 2, Plate 4, which was photographed from a dry speci- 
men. 


A BLIGHT DISEASE. 


Late in the summer of 1897 twelve trees in the orchard 
were attacked by a blight, the nature of which is obscure. 
The leaves began turning brown at the edges; this spread, 
involving the whole leaf surface and the trees died. Exam- 
ination failed to reveal the presence of fungi, and it seems 
most probable, from the appearance and development of 
the disease, that its cause must be sought in some bacterium. 
The disease, while possessing the same general nature as 
pear blight, is certainly distinct from it. The trees attacked 
were all old and in bearing. No young trees suffered, and 
there was no reappearance of the disease this season. 


VARIETIES. 


The following notes on varieties are based almost 
‘wholly upon observations made in the station orchard. 
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This orchard, as originally set, contained the following 
varieties: 


Coe’s Golden Drop. Prairie Flower. 
Wolf. Marion. 

Russian No- 2. Forest Garden. 
Miner. Little Blue Damson. 


We have no record of the planting, and do not know 
the year, or the original number of trees, or the source from 
which they were obtained. The original planting is now 
represented by 1, Coe’s Golden Drop; 29, Wolf; 1, Russian 
No. 2; 10, Miner, and 9, Prairie Flower. 

The following additions have been made: In 1894, 57 
varieties; in 1895, IO varieties; in 1896, I variety; in 1897, 62 
varieties; in 1898, 31 varieties. The total number of varie- 
ties planted for trial is 169. Seventeen varieties have been 
lost through winter-killing, so that there are now living rep- 
resentatives of 152 varieties. Some of these give no prom- 
ise of value and will be discarded. The number that have 
proved suited to our conditions is not large, and nearly all 
of them are of the American group. Detailed descriptions 
are given only of those varieties that are fruited. A few 
others are briefly mentioned. 


AMERICAN EAGLE. (Prunus Americana.) 

Represented by nine trees planted in the spring of 1894. 
Trees well formed, spreading in habit, of moderate vigor. 
Leaves large; young stems and petioles densely puberulent. 
Bore heavily in 1897, followed by a light crop in 1898. Fruit 
large, round-oblong, dark red or mottled with small yellow 
spots; stem of medium length; skin thick; flesh firm, red- 
dish yellow, of excellent quality. Stone rather small for the 
size of the fruit, cling, rounded at apex, prolonged into a 
sharp point at stem end, strongly convex on the sides, mar- 
gin sharp, but not otherwise prominent. Ripe September 20. 


APRICOT. (Prunus Americana.) 


Planted in 1894. Of bushy habit, forming a close, com- 
pact head. Leaves large, broad, sharply serrate, stalks pale 
red, pubescent. Fruit medium in size, round-oblong, color 
red, where shaded mottled red on yellow ground, bloom 
slight; suture inconspicuous, skia thick; flesh reddish-yellow, 
quite firm, juicy, sweet and of good flavor when fully ripe. 
Stone cling, rather large, flat, moderately pointed at both 
ends, no prominent margin, roughish. Ripe September 4. 
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BOTAN. JAPANESE GROUP. (Prunus trijlora.) 


Our trees were planted in 1897 and have not yet had 
sufficient test as to hardiness. They have made a vigorous 
growth and are now well set with fruit buds. Leaves of 
medium size, glossy, light green, sharp-pointed at both ends; 
stalks short and stout. 


6 


BURBANK. JAPANESE GROUP. (Prunus triflora.) 


Trees planted in 1897 bore a few fruits this season. 
Habit of growth upright, very vigorous. Leaves of medium. 
size, broadly lanceolate, short acuminate, stalk short andi 
stout. Fruit large, peach-like in shape; color deep red, on 
yellow ground, which appears in small spots; flesh firm,, 
deep yellow; suture evident; stone small, semi-cling. Ripe: 
September 12. 


CHAMPION. (Prunus Americana.) 


Trees planted in 1894 have made a vigorous spreading 
growth, smooth, less thorny than most members of the 
group. Leaves large, light glossy green, strongly recurved, 
stalks red, short, somewhat pubescent. Not yet fruited. 


CHENEY. (Prunws Americana.) 


Planted in 1894. Very vigorous in growth and upright 
in habit, producing novirgate drooping branches; quite 
thorny; leaves obovate, acuminate, three to five inches 
long, veins prominent, pubescent below, light green, leath- 
ery in texture, stalks stout, about an inch long; fruit large, 
somewhat oblique, pointed or rounded at apex; stem short, 
stout, set in a large cavity, suture evident; color dull red, 
mottled on a greenish-yellow ground; stone cling; skin 
thick, flesh firm, sweet, of good flavor. Ripe September 4. 
One of the most promising of the Americana varieties. 
Pee iow, plate V> tree plate VIII. 


CHOPTANK. WILD GOOSE GROUP. (Prunus hortulana.) 


Trees planted in 1894 have made a vigorous growth 
each year, and have regularly killed back nearly to the 
ground each winter. Evidently too tender for this locality. 
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CLARK. WILD GOOSE GROUP. (Prunus hortulan«a.) 


Trees well formed and of moderately vigorous growth. 
Kills back at the tips each year. Leaves of medium size, 
rather broad for the species; fruit of medium size, nearly 
spherical, but somewhat irregular; color red in the sun, 
shading to light red on green ground in the shade; suture 
distinct; flesh firm, orange-red, very acid; stone cling. Ripe 
Aug. 30. The quality of the fruit does not commend the 
variety. 


“ 


CLINTON: MINER GROUP. (Prunus hortulana var. Minert.) 


Trees planted in 1894. A vigorous grower, but has 
killed back repeatedly; worthless here, 


COE’S GOLDEN DROP. (Prunus domestica.) 


This well-known English variety is perfectly hardy in 
tree, but the fruit buds are yearly killed to such an extent 
that it is not at all productive. Trees are upright in habit 
and of slow growth. Leaves of medium size, dull dark 
green, obtusely crenate, stalks glandular, pubescent, as are 
also the lower surfaces of the leaves; young wood dark pur- 
plish-red, glabrous. Fruit large, roundish-oblong, projected 
into a slight neck, and indented at insertion of stem, suture 
deep, sides somewhat unequal; color pale yellow or green- 
ish; flesh firm, of excellent quality; stone free, nearly straight 
on one edge, curved on the other, margin irregular, sharp, 
rough. Ripe September 20. 


COLORADO QUEEN. (Prunus Americana.) 


Trees planted in 1894 are well formed and of vigorous 
growth, much inclined to the production of long drooping 
or pendulous branches. Leaves of medium size, broad, 
sharply serrate, light green, stalks slender, young wood light 
colored, glabrous. Fruit below medium in size, spherical, 
slightly indented at lower end; color dark purplish-red over 
yellow ground which shows as small dots; suture hardly 
apparent; stem long, rather stout; skin thin, flesh juicy, sub- 


soe of fair quality; stone circular, convex. Ripe Septem- 
Der 4. 


ni i i i 
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COMFORT. (Prunus Americana.) 


Of slow growth and straggling habit, very thorny, pro- 
ducing many drooping branches; leaves of medium size, 
ovate-lanceolate, sharply and irregularly serrate, stipules 
large and rather broad, soon falling. Hardy. Although 
planted in 1894 the trees have not yet fruited. 


COTTRELL. (Prunus Americana:) 


Planted in 1894. Trees vigorous, but irregular in habit, 
hardy; young wood brownish-red, glabrous; leaves above 
average size, dull light green, broad, coarsely and irregularly 
serrate; stalks glandular, rather short and stout, red, pubes- 
cent. Fruit medium to large, round-oblong, color red, 
nearly uniform, on lemon-yellow ground, and covered witha 
thin rosy bloom; skin thin, flesh firm, of superior flavor; 
stone semi-cling, large, smooth, elliptical with a prominent 
rounded margin, convex portion relatively small; stalk long, 
slender. Ripe September 14. Quality and productiveness 
place this among the desirable varieties. 


DEEP CREEK. (Prunws Americana.) 


Our trees were planted in 1894 and 1895. ‘They are in- 
clined to be irregular in habit and are of slow growth as 
compared with Weaver or Cheney. They are very thorny 
and in general appearance resemble wild trees; young wood 
glabrous. Leaves large, oblong-lanceolate, coarsely and 
bluntly serrate, stalks red, slightly pubescent, rarely glandu- 


lar. Fruit small to medium, roundish or slightly oblong; 


suture apparent, or in some fruits inconspicuous; color uni- - 


_formly deep red when fully ripe, bloom abundant; stem of 


medium length, slender; skin thick; flesh firm, juicy, sweet 
when ripe; stone semi-cling, oblong, sides strongly convex, 
pointed, smooth. Ripe August 30. Fairly productive. 
Trees planted in 1894 bore a light crop in 1896, a heavy crop 
in 1897 and a light crop in 1898. Fruit fig. 2, plate V; tree, 
plate IX. 


FOREST GARDEN. (Prunus Americana.) 


Tree typical of the class; leaves of medium size, light 
green, sharply serrate, the teeth overlapping, stalks reddish, 
nearly glabrous, glandless. Fruit medium in size, round; 
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color dark purple-red; stem long, slender, skin thick; flesh 
moderately firm, of sub-acid flavor; stone semi-cling, rounded 
at lower end, sides convex, prolonged into a flattened point 
at upper end, roughish. Ripe September 16. Tree a heavy 
bearer. 


FOREST ROSE. MINER GROUP. (Prunus hortulana var. 
Mineri.) 


Represented by two station-grown trees. They were 
erafted in the spring of 1894, one on Myrobalan stock, the 
other on Americana stock; grown one year in nursery and ~ 
set in orchard in 1895. Both fruited in 1897. The trees are 
alike except that the one on Myrobalan stock is slightly 
larger than the other. Both are of good form and vigorous 
growth. Leaves medium, rather broad, dull light green, 
sharply serrate; stalk slender, puberulent, glands commonly 
wanting. Fruit medium in size, round, or somewhat oblique, 
dark red on yellow ground which shows as minute dots; 
stem long, slender; skin thin, suture obsolete, flesh firm, 
sweet and of fine flavor; stone cling, circular, but drawn into 
a point at the upper end, somewhat rough. Season medium, 
ripe September 4. A good and productive variety. Fruit 
figs, plate Vij=tree, plate’ X; 


GARFIELD. WILD GOOSE GROUP. (Prunus hortulana:) 


Trees planted in 1894 have killed back so badly each 
winter that we may class this as too tender for this locality. 


HAMMER. (Prunus Americana.) 


Four trees planted in 1894 are of erect habit, but of slow 
growth, nearly free from thorns. Kills back at the tips to 
some extent and has not fruited. Leaves large, oval-ob- 
long, doubly crenate, light green, flat, stalks glandular; 
voung wood light-red, glabrous. 


HARRISON. HARRISON’S PEACH. (Prunus Americana: 


Trees of moderate vigor, forming round symmetrical 
tops; hardy. Leaves large, broad, margins loosely crinkled, 
very irregularly and sharply serrate; stalks stout, glandu- 
lar, densely puberulent. Fruit medium to large, round= 
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oblong; color light red on a translucent light yellow ground, 
covered with a thin rosy bloom; stem long, slender, skin 
thick; flesh rich, juicy; stone cling, rather long pointed, con- 
vex on the sides, smooth. Season medium; ripe September 


It. A promising variety. 


HAWKEYE., (Prunus Americana.) 


Trees planted in 1894 are well formed and vigorous, but 
not quite as large as those of Wolf, Weaver or Cheney of 
the same age. Leaves large, obovate, glossy green, sharply 
and irregularly serrate. Fruit large to very large, round, 
slightly flattened; color dark red shading to light red on 
yellow ground, which shows as conspicuous dots; bloom 
ethin, suture apparent; stem stout, of medium length; skin 
thick; flesh very firm; flavor excellent, sub-acid; stone cling, 
very large, round oval, very flat, rough. Ripe September 
18. A desirable variety. Plate XI. 


HILLTOP. (Prunws Americana:) 


A vigorous variety of spreading habit. Leaves medium 
to large, obovate, acuminate, irregularly serrate, leathery in 
texture, pubescent below; stalks red, pubescent, usually 
glandless. Trees were planted in 1894, but have not yet 
fruited. 


HOLT. (Prunus Americana:-) 


Planted at the same time as Hilltop and resembling 
that variety in vigor and habit. Trees killed back slightly 
during the winter of 1895-6. Leaves large, acuminate, 
sharply and irregularly serrate, upper surface crimped, 
stalks glandular. Not yet fruited. 


IDA. (Prunus Americana.) 


Trees planted in 1894. Very thorny, of slow irregular 
growth; young shoots somewhat pubescent; leaves large, 
broadly ovate-lanceolate, irregularly serrate, leathery in 
texture; stalks glandless or occasionally with a single small 
gland. Fruit of medium size, round oblong; suture evident; 
color mottled and shaded with red on yellow ground, stem 
of medium length, stout; skin thick, flesh pale yellow, in- 
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ferior in flavor; stone cling, roundish, rather flat, blunt i 
both ends, with no prominent margin. Season medium to 
late. Ripe September 18. Fairly productive. 


IDALL. MINER GROUP. (Prunus hortulana var. Miner.) 


Trees planted in 1894 have passed through four winters 
without injury and are apparently perfectly hardy. They 
are vigorous and have formed symmetrical heads. Leaves 
large, obovate, doubly serrate, dull dark green, stalks glan- 
dular and pubescent. Not yet fruited. 


ILLINOIS IRONCLAD. (Prunus Americana.) 


Planted in 1894. Growth slow. Trees much smaller- 
than those of Wolf and Weaver of the same age. Leaves 
large, dark green, sharply doubly serrate, the veins pubes- 
cent below; stalks red, pubescent, glandular. Fruit of 
medium size, oblong, truncate at base, cavity large and deep, 
suture inconspicuous; stem long, stout; color red on lemon- 
yellow ground; stone cling, oval, flat, no prominent margin 
or point; flesh firm, sub-acid, of good flavor. Season medium 
to early; ripe September 6. 


INDIANA RED, MINER GROUP. (Prunus hortulana var. Mineri-) 


Trees planted in 1894 have killed back every year and ' 
the variety is classed as too tender. 


JOE HOOKER. (Prunus Americana.) 


Trees of moderate vigor, forming well-shaped heads, 
but showing a tendency to the production of long drooping 
shoots. Leaves rather small, ovate-oblong, stalks slender. 
Fruit medium to small in size, roundish-oblong; color red on 
yellow ground. Ripe September 11. 


KAMPESKA, (Prunus Americana )‘ 


Trees planted in 1894. Growth {stocky and slow, 
branches stiff. Leaves below average size, light green, 
obovate, sharply acuminate and very sharply serrate; stalks 
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pubescent, glandular. Fruit small, round, dark purplish-red, 
bloom rather thick, stem of medium length, stout; skin 
thick; flesh of fair quality; stone semi-cling, oval, strongly 
convex on the sides, sharp on the edge but not margined. 
Ripe September 11, Tree productive, but fruit too small to 
be ranked as valuable. 


KICKAPOO. (Prunus Americana.) 


Planted in 1804. Not yet fruited. Trees of slow growth 
and straggling habit. Leaves large, broadly lanceolate, 
sharply and irregularly serrate, stalks glandular. 


KOPP. (Prunws Americana.) 


Trees of good form and fair vigor, producing some 
drooping branches. Leaves large, dark green, sharply ser- 
rate; stalks red, pubescent, mostly glandless. Fruit medium 
to small, round, deep red, shading into the green ground, 
this mottled with white dots; skin thick; flesh firm, of good 
sub-acid flavor, sweet when fully ripe; stone nearly free, ob- 
long, pointed, strongly convex, smooth. Ripe September 
I. A productive variety. 


LATE ROLLINGSTONE. (Pruniws.dmericanda.) 


Trees of moderate vigor, forming round compact heads. 
Leaves of medium size, obovate-oblong, short acuminate, 
irregularly and unequally crenate; young shoots red, smooth, 
shining; stalks glandular, pubescent. Fruit medium in size, 
round, flattened at both ends, deep red, shading into light 
red; stem of medium length; skin thick; flesh firm, of excel- 
lent quality. Stone cling, broad-oval, sides moderately con- 
vex, smooth. Ripe September 11. Not to be distinguished 
from Rollingstone. Even in time of ripening there appears 
to be no difference here. 


LE DUC. (Prunus Americana.) 


The trees planted in 1894 are still rather small, but 
stocky and well-formed; they fruited heavily in 1897. This 
year they bloomed full, but matured a very light crop. 
Leaves large, light green, sharply serrate; stalks glandular, 
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MISSOURI APRICOT. WILD GOOSE GROUP. (Prunus 
hortulana:) 


Trees grown at the station and set in orchard in 1895; 
fruiting first in 1897. Of moderate vigor, inclined to be ir- 
regular in habit. Leaves of medium size, ovate, coarsely 
and sharply serrate, pubescent below; stalks glabrous, 
mostly glandless. Fruit medium to large, roundish, slightly 
narrowed at stem end, truncate at apex, sometimes indented, 
stem long; color waxy yellow with red cheek next. the sun, 
mottled all over with small light-colored dots; flesh firm, 
sweet, rich; stone cling, short and broad, rounded at apex, 
pointed at stem end, sides convex. Ripe August 29. One 
of the desirable varieties. 


MOON. (Prunus Americana.) 


Trees planted in 1894 bore a few fruits in 1896, a heavy 
crop in 1897, and a light crop in 1898; they are not vigorous 
in appearance, and grow very slowly; young branches light 
colored; leaves medium in size, obovate, coarsely and irreg- 
ularly serrate, stalks glandular. Fruits medium, round or 
slightly oblong, deep red or mottled on yellow ground, su- 
ture obsolete; skin thin, flesh moderately firm, of good 
flavor, sub-acid; stone cling, short oval, strongly convex, 
with no prominent margin. Ripe September 5. 


OCH EE DA. (Prunus Americana.) 


_ Trees of slow growth, forming round tops and produc- 
ing many drooping branches, very thorny. They were 
planted in 1894, began bearing in 1896, gave a good crop in 
1897 and a medium crop in 1898. Leaves large, oblong, 
acuminate, dark green, sharply and deeply serrate, pubes- 
cent below; stalks glandless or occasionally with two small 
glands, red, pubescent. Fruit of medium size, round-oblong; 
red on lemon-yellow ground with thick bloom; stem long; 
skin thick, flesh firm, of good flavor; stone cling, large, long- 
pointed, strongly convex on the sides, margin sharp, surface 
smooth. Ripe September rr. 
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OGON. JAPANESE GROUP. (Prunws dmericana.) 


Trees of very vigorous growth, but killing back to such 
extent each winter that they have borne no fruit. Young 
twigs light-colored, outer bark on two-year-old wood green- 
ish-brown, showing many lenticles and cracks, on older wood 
becoming dark colored. Leaves lanceolate, glossy, light- 
green, crenate and glandular-denticulate; stalks short, glan- 
dular. Top grafts on native Prunus Americana inserted in 
1894 have fruited for four seasons. Our description of the 
fruit is drawn from specimens produced in 1897. Round- 
oblong, slightly flattened at apex, oblique at stem end, cav-. 
ity rather shallow; suture inconspicuous; color dull yellow 
with thin whitish bloom; stem short, stout; stone free, oval,. 
sides strongly convex, margin prominent and sharp; flesh 
thick, firm, meaty, of inferior quality. Ripe Augt 14. 
Plate X11. 


PEFFER’S PREMIUM. (Prunus Americana.) 


Trees planted in 1894 are still quite small, but well form- 
ed; young wood glabrous. Leaves medium, broadly-ovate, 
light green, more or less doubly serrate, the teeth short, 
stalks red, with or without glands. Fruit of medium size, 
round, rather abruptly flattened at both ends; suture obso- 
lete; color deep red on yellow ground, conspicuously marked 
by “leather cracks” about the stem end; bloom thin; flesh 
firm, quality good; stone cling, circular, sides convex, sharp: 
on the margins, smooth. Season medium; ripe Septem- 
PELE. 


PENNOCK’S HYBRID. (Prunus Besseyi X Prunus Americana.) 


A few years since, in the nursery of Mr. C. E. Pennock, 
of Bellvue, there appeared among a lot of seedlings of 
Prunus Besseyt, one tree that, while bearing the flowers of 
Prunus Besseyt had the habit and foliage of Prunus 
Americana. he fruit borne by this tree is nearl; the size 
of wild Prunus Americana but incolor and flavor like Prunus 
Besseytz. The mixture of characters suggested hybridity and 
led Mr. Pennock to experiment in that direction. Pollen of 
Prunus Americana was successfully used on the stigmas of 
Prunus Besseyt and several hybrids resulted. These all 
resemble the plum in habit, but have the small flowers of the 
cherry. The leaf characters are intermediate, but generally 
most like the male parent. The fruit of most of the trees is 
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not valuable, being small and very acid. The color in all is 
dark, and in general much like the cherry. One tree, how- 
ever, produces fruits that are considerably larger and much 
better than any of the others. It is to be introduced and 
may prove an acceptable addition to the list of varieties. 
This tree is of spreading habit, in general appearance like 
varieties of Prunus Americana. Leaves medium in size, 
varying from ovate to lanceolate. Flowers small, produced 
in profusion. Fruit of medium size, spherical; color deep 
blue, with light bloom; flesh firm, of excellent flavor, 
possessing none of the astringency so noticable in the fruit 
of the other hybrids. The tree in bloom is illustrated by 
plate XIIJ,anda branch showing fruitin figure 1, plate XIV. 
{t is worthy of further trial. 


PRAIRIE FLOWER. (Prunws hortulana, var. Mineri.) 


Represented by nine old trees of uncertain age, and one 
tree planted in 1894. The young tree fruited in 1897, the 
others have born for several years. The old trees are fully 
developed, as large as the trees of Miner, and of the same 
appearance. Leaves large, broadly to narrowly ovate-lance- 
olate, evenly crenate, lower surface pubescent, stalks long, 
stout, glandular. Fruit of medium size, round-oblong, ob- 
scurely pointed; color red on yellow ground, flecked all over 
with small light dots; suture evident; stem of medium length, 
stout; skin thin; flesh firm, sub-acid, of fair quality; stone 
cling, rather broad, short pointed at both ends, margin 
rather sharp, slightly roughened. RipeSeptember 21. Very 
productive. 


PURPLE YOSEMITE. (Prunus Americana.) 


In character of tree very closely resembling the wild 
plant: very thorny, and irregular in habit. Leaves of 
medium size, ovate or obovate, acuminate, doubly serrate, 
dark green, pubescent below; stalks glandless, or occasion- 
ally with two small glands. Fruit large, round-oblong, 
flattened laterally; color deep purplish-red; skin thick; suture 
obsolete; flesh firm, of fair quality; stone cling, flat, rounded 
at the ends, rather rough, margins not sharp. Season 
medium to late. Ripe September 24. 
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ROCKFORD. (Prunus Americana.) 


Our trees planted in 1894 are still rather small, but 
thrifty in appearance, forming round regular tops. Leaves 
large, coarsely and deeply serrate, short acuminate; stalks 
dark red, pubescent, mostly glandless. Fruit of medium 
size, oblong, somewhat pointed, broad at base; color dark 
red on green ground; skin thin; suture inconspicuous; flesh 
firm, very acid until quite ripe, then of good quality; stone 
cling, broad at stem end and tapering toa rather acute, 
thick apex, sides strongly convex, margin narrow, but sharp. 
Productive, early; ripe August 31. 


ROLLINGSTONE. (Prunus Americana.) 


Trees typical of the species, well-formed and of fair 
vigor. Leaves large, broad, irregularly crenate; color dark 
green, stalks mostly glandless. Fruit large, round, flattened 
at both ends; deep red shading to pink on yellow ground; 
stem of medium length, skin thick; flesh tirm, good; stone 
cling, broad oval, sides convex, margins sharp, smooth. 
Season medium, ripe September 12. 


RUSSIAN No. 2. (Prunus domestica) 


Trees forming roundish heads, and making less growth 
than other varieties of the same class. Leaves of medium 
size, broad, dull green, evenly crenate; stalks short, gland- 
less. Fruit of medium size, inclined to be irregular in shape, 
often more or less constricted at stem end, and sometimes. 
flattened at distal end; suture apparent, more deeply colored 
than surrounding parts; color deep purple, with heavy blue 
bloom, stem sout, of medium length; flesh firm, sub-acid; 
quality only fair; stone free. Season early, ripe August 15. 


SPEER. (Prunus Americana) 


Small, but vigorous trees of spreading habit, produc- 
ing long, slender branches. Leaves large, broad, acumin- 
ate, deeply and sharply serrate, dark green; stalk red, nearly 
glabrous, usually bearing small glands. Fruit medium in 
size, round-oblong, often contracted about the stem; suture 
evident; color purple-red on yellow ground; stem short, 
slender; skin thick; flesh firm and of good quality; stone 
cling, short-oblong, rather flat, ends blunt. Season medium, 
ripe September 17. Very productive. 
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SUNSET. (Prunus Americana.) 


This variety originated with Mr. C. E. Pennock, of Bell- 
vue, Colorado. We have one tree planted in 1897 that pro- 
duced a few fruits this season. The tree is well-formed 
with a somewhat spreading habit. Leaves of medium size, 
broadly lanceolate, margin doubly and irregularly crenate, 
stalks glandular. Fruit medium to large, oval or oblong, 
stem rather long, slender; color deep red on yellow ground, 
beautifully shaded as it approaches ripeness; suture appar- 
ent; flesh firm, of excellent quality. Early; ripe August 25. 
The original tree shows great productiveness, which with 
the handsome appearance of the fruit, and its good quality, 
recommends the variety as a valuable acquisition. Fig. 2, 
Plate XIV. 


VAN BUREN. (Prunus Americana, var. nollis.) 


Trees of slow growth, appearing like dwarfs; tops well- 
formed, spreading; leaves broad, doubly serrate, dark green, 
stalks ashy-pubescent, glandular; fruit of medium size, 
spherical, suture obsolete; color deep waxy yellow, in part 
over-spread with light red and having a deep red cheek; 
stem stout, of medium length; skin thick; flesh sweet and 
rich; stone free,, flat, rather broad, margin sharp butenet 
winged. Ripe September 22. Very productive. One of 
the most promising varieties. Plate XV. 


WEAVER. (Prunus Americana.) 


Our trees planted in 1894 are larger than those of any 
other variety planted at the same time. They are vigorous 
and well-formed. The tendency to produce long slender 
branches is quite marked in this variety. Leaves large, 
obovate or oval, acuminate, somewhat pubescent below, 
leathery in texture, dark green, deeply serrate; stalk long, 
stout, glandless, or with occasienal small glands. Fruit 
medium to large, round-oblong; suture evident, sides often 
unequal; color purplish-red on yellow ground, the red mot- 
tled with light dots; flesh firm, sweet when ripe, of good 
flavor; stone semi-cling, abruptly pointed, smooth. Ripe 
September 18. Plate. vie 
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WINNEBAGO, (Prunus Americana.) 


Trees very vigorous, well-formed. Leaves large, broad, 
sharply serrate, produced in great abundance; stalks short, 
stout, glandular. Fruit medium to small, round, inclined 
to be irregular and one-sided; stem long, slender, cavity 
deep; color deep red on yellow ground; skin thin; flesh yel- 
lowish, soft, of inferior flavor, granular in texture; stone 
nearly free, elliptical, somewhat oblique; rather flat, rounded 
at both ends, roughish. Ripe September 18. Plate XVII. 


WOLF. (Prunus Americana.) 


Vigorous growing trees of spreading habit. Leaves 
large, ovate, acuminate, closely and sharply serrate, leathery 
in texture; stalks stout, ashy pubescent; on some trees 
wholly glandless, on others small glands are not uncommon. 
Fruit medium to large, round to round-oblong, slightly flat- 
tened, sometimes tapering somewhat toward the stem; stem 
short, stout, set in a small cavity; suture obsolete; color 
when ripe uniformly deep red, with heavy purple bloom; 
skin thick; flesh firm, of good quality; stone free, rather 
small, pointed at stem end, sides strongly convex, margin 
sharp and prominent, smooth. Season medium, ripe Sep- 
tember 16. ‘Fruit Fig. 2, Plate VI; Tree Plate XVIII. 


WYANT. (Prunus Americana.) 


Trees stocky, forming round heads, of slower growth 
than Wolf or Weaver. Leaves medium, crisp in texture, 
sharply serrate, dark green; stalks pubescent and glandular. 
Fruit large, round-oblong, flattened at apex; cavity large 
and deep; color purple red on yellow ground; stem short, 
stout; skin thick; flesh firm, of good flavor; stone free or 
nearly so, large. oblong, flat. Ripe September 18. Fruit 
Fig. +, Plate VII. 


YELLOW SWEET. (Prunus Americana.) 


Trees small, stocky, very thorny; leaves large, oval- 
oblong, irregularly crenate, stalks commonly glandless. 
Fruit large, round, color yellow, lightly shaded with red, 
bloom thin; suture apparent; stem short, stout; skin thin; 
flesh firm, juicy, rich; stone cling, oval, pointed at both ends, 
sides convex, margin sharp. Ripe August 31. Avery prom- 
ising variety. Fruit Fig. 2, Plate VII; Tree Plate XIX. 


48 NOTES ON PLUM CULTURE. 


REFERENCE TO PLATES. 


AMET. 


Fig. 1, Yellow Sweet; Fig. 2, Wolf, showing lack of affinity between stock 
and scion. The stock is being overgrown. 
Fig. 3, Plate of Weaver plums, reduced nearly one-half. 


PAE: 
Illustrates the system of irrigation practiced. 


12) Oy. ee 
Showing the effects of the “Shot-hole fungus” (Cylindrosporium Padé 


Karst. 
) PLATE IV. 


Fig. 1, Black knot of the plumandcherry, (Plowrightia morbosa (Schw.) 
Sacc.) 
Fig. 2, Plum pockets. (Exoascus Pruni Fckl.) 


PLATE V. 

lig 1, Cheney; Fig. 2, Deep Creek; reduced nearly one-half. 
PLATE VI. 

Fig. 1, Forest Rose; Fig. 2, Wolf; reduced nearly one-half. 
PLATE VII. 

Fig. 1, Wyant; Fig. 2, Yellow Sweet: reduced nearly one-half. 


PLATE VIII. 


Cheney. 
PLATE IX. 
Deep Creek. 
PLATE X. 
Forest Rose. 
PLATE XI. 
Hawkeye. 
PLATE XII. 
A branch of Ogon from top graft on P, Americana. 
PLATE XIII. 
One of Mr. C. E, Pennock’s hybrids between P. Besseyi and P. Americana 
in bloom. 
PLATE XIV. 


Fig. 1, Fruit of Mr. C. E. Pennock’s hybrid between P. Besseyi and P. 
Americana. 


Fig. 2, Sunset plum, originated by Mr. C. KE. Pennock. 


PLATE XV. 
Van Buren. 
PLATE XVI. 
Weaver. 
PLATE XVII. 
Winnebago. 
PLATE XVIII. 
Wolf. 


PLATE: XIX. 
Yellow Sweet. 


Plates 13 and 14 are from photographs by S. H. Seckner, all others from 
photographs by the author. 


PLATE Tf. 
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Fig. 3— Weaver. 


PLATE IJ.—Irrigation. 


PLATE IIT. 
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Plum Leaves. 


Fig. 1—Black Knot. 


PLATE IV. 
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ig. 2—Plum 4 vckets. 


PLATE V. 


. 1—Cheney. 
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. 2—Deep Creek. 
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PLATE VII. 


Vig. 2—Yellow Sweet. 


PLATE VIII. 


Cheney. 


PLATE [X: 


Deep Creek. 


PLATE X. 


Forest Rose. 
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Hawkeye. 


PLATE XII. 
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PLATE XIII. 


PLATE XIV. 
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Fig. 1—Hy brid. Fig. 2—Sunset. 


PLATE XV. 


Van Buren. 


PLATE XVI. 


Weaver. 


PLATE XVII. 


Winnebago. 


PLATE XVIII. 
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Yellow Sweet. 
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SUGAR BEETS IN COLORADO IN 1898. 


By W. W. COOKE. 


For several years the Station has been carrying on experiments 
in Colorado on the adaptation of the sugar beet to the conditions of 
soil and climate found here. During 1898 these tests were con- 
ducted on a larger scale than ever before. It can be said in general 
that the results of the season of 1898 are so conclusive, that we may 
feel justified in saying that Colorado can raise as good sugar beets 
and as large crops of beets as any place in the world. We purpose 
now to consider this point as settled, and future experimental work 
with sugar beets will be directed toward some of the minor points of 
methods of irrigation, times and distances of planting, ete. 

The work of 1898 was distinguished from that of previous 
years in that it was done largely in connection with the Denver Cham- 
ber of Commerce, and cash prizes were offered for the best crops of sugar 
beets, thus affording an incentive to better care of the crop. It is 
believed that the inducement thus offered was a powerful factor in 
the good results obtained, yet the value of the prizes was as nothing 
compared with the value of the crop if raised for a factory. So that 
it is a fair presumption that what was done under the stimulatiom 
of the Denver Chamber of Commerce, prizes would be the common 
result under factory conditions. 

The work of the season of 1898 may be grouped under four 
headings : 


1. The experiments conducted on the College Farm at Fort 
Collins and on the sub-station at Rocky Ford, with reference to 
methods of growing sugar beets. 

2. Experiments conducted at these two places and at about 
twenty other places in the State, with reference to the quantity and 
quality of sugar beets grown from seed raised in the United States 
as compared with seed grown in Europe. 

3. Competitive tests for the prizes offered by the Denver Cham- 
ber of Commerce in connection with the County Commissioners of 
various counties. 

4, General tests in the parts of the State above irrigation or in 
those irrigated sections that did not take interest enough in the 
matter to co operate in the matter of prizes. 
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The beet seed was obtained principally from the United States 
Department of Agriculture, but some, also, from the Oxnard Sugar 
Co., of Grand Island, Nebraska, through the efforts of the officials of 
the Union Pacific, Denver & Gulf Railroad ; some from the sugar 
factory at Rome, N. Y., through the efforts of Mr. M. B. Colt, of 
Alamosa, and when all these sources of supply failed, the Denver 
Chamber of Commerce bought, in open market, enough seed to sup- 
ply the remainder of the requests. In all, about four thousand 
pounds of seed were distributed to two thousand three hundred 
persons. In each case the seed was delivered free of charge to the 
person making the tests. 

All the analyses on which this bulletin is founded were made 
by the Chemical Section of the College at Fort Collins. There 
were eight hundred and twelve samples analyzed at Fort Collins. 

Through the courtesy of the U. 8S. Department of Agriculture 
the franking privilege was given to the Station for the sugar beet 
work, and all the seed and several thousand pounds of the beets for 
analysis were sent through the mail postage free. In addition the 
railroads of the State, particularly the Union Pacific, Denver & Gulf, 
Denver & Rio Grande, and Atchison, Topeka & Santa Fe, took a 
lively interest in the experiments and furnished transportation that 
materially facilitated the work. 


EXPERIMENTS AT FORT COLLINS AND ROCKY FORD 
ON METHODS OF RAISING SUGAR BEETS. 


These tests can be grouped under the following headings: 


1. Different dates of planting. 
2. Planting on freshly plowed ground as compared with 
oe plowed a few days before planting. 


Seed irrigated at planting as compared with that not 
air 


4, Soaking seed before planting. 
5. Sowing at the bottom of a three-inch furrow. 
6. Different depths of planting. 
7. ‘Transplanting. 
8. Different distances of thinning. 
9. Different dates of thinning. 
10. Variety tests. 
11. Number of irrigations. 
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Each of these tests will be considered by itself, but at the out- 
set it is necessary to make some explanations. 

The following general statements apply to all the experiments 
at Fort Collins. The piece selected was a rather heavy clay loam, 
sloping slightly to the south. The ground had_ been heavily 
manured the spring of 1896 at the rate of nearly sixty tons per 
acre of well-rotted stable manure. It was cropped during 1896 
and 1897 with corn. The spring of 1898 it was plowed in sections. 
A part of the section was planted the day it was plowed, the rest 
was allowed to lie from two to four days before it was planted. The 
seed was sown with an ordinary wheat drill in rows twenty-four 
inches apart. A few rows that will be specially mentioned were 
sown with a hand garden drill in rows eighteen inches apart. As 
soon as the beets broke through the ground so as to define the rows, 
they were wheel hoed by hand. Later they were thinned, hand- 
hoed, cultivated three times with a horse cultivator, and twice irri- 
gated, on June 27 and July 19. 

The first set of samples was taken the last of September, after a 
period of iong continued and severe drought. The last samples 
were taken October 22. Between these two dates there had been 
several rains, giving a total precipitation of three-fourths of an inch 
and dampening the beets to the bottom of the furrow. The beets 
were dug during the following week, with no further rain. Each of 
the 176 rows was dug in two parts and each part weighed separately. 
Every beet on the field was counted, to get the stand under the 
various conditions, and about half of them were counted the second 
time. This work involved about a thousand weighings and the 
counting of over sixty thousand beets. 

The plantings at Fort Collins were made May 10, May 27 and 
June 15, with supplementary plantings May 13 and May 31. It 
had been expected to make four plantings, but a very heavy snow 
storm set in the last of April, with a total precipitation of three 
inches. None of this ran off and the ground was thoroughly soaked 
to a depth of eight inches. It was not until the second week in 
May that the soil dried out enough so that it could be worked. 

This storm had a far reaching effect on the sugar beet work of 
the season. It saturated the ground without packing it, and to this 
is largely due the almost perfect germination obtained and the 
small influence observed from soaking the seed or irrigating at time 
of planting. The influence of this storm was still felt at the time. of 
the second planting, the last of May, and the ground was hardly 
dried out by the last planting, the middle of June. The same 
storm will be referred to later with reference to its effect on the 
beets at Rocky Ford. 

Before giving the detailed record of the various tests, it may be 
well enough to notice the analyses of the two sets of samples. Both 
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sets were taken in the same way. Every tenth beet was taken from 
two contiguous rows until about a dozen beets had been dug. These 
were at once topped, cleaned by brushing or scraping, or in a few 
cases by washing, and weighed on scales accurate to the quarter of 
an ounce. If they were analyzed the same or the next day no 
account was taken of the small amount (about two per cent.) that 
they had dried out between digging and analyzing. If they stood 
longer than two days before they were analyzed, a correction was 
made in both total solids and sugar for the water that had dried 
from the beets after the second day. All of the analyses given in 
this section on methods of raising beets and in the section of this 
bulletin on tests of different sources of seed are the corrected 
analyses after making allowance for the drying out after the second 
day. In actual factory practice the beets seldom reach the factory 
until the third day after digging, and often not until much longer 
periods. So that itis probable that had these beets been raised and 
delivered toa factory they would have dried out a little more and 
tested a little higher than the figures given in this bulletin. 


About fifty samples were taken the last of September, and an 
equal number October 22. The average of the first set is 15.43 per 
eent of sugar in the beet and 78.6 purity. The second 
set averaged 16.38 sugar and 78.1 purity, thus indicating a small 
gain in sugar and slight loss in purity between the first and second 
samplings. If these fifty tests are divided into five sets, 
according to the dates of planting, as will be given later, the last 
four sets give 14.97 sugar and 77.2 purity for the first samples, and 
16.24 sugar with 77.6 purity for the samples three weeks later. 
Thus, they show an increase in sugar with but little change in pur- 
ity. The samples from the first planting average 17.28 sugar and 
84.2 purity for the first set, and 16.96 sugar with 79.7 purity for the 
last samples. A study of the ground gives some explanation of the 
cause of these differences. The ground first planted was so damp 
at the time it was worked, that it was somewhat packed by the 
working, and consequently suffered more from the late drought. At 
the time the samples were taken, the last of September, the leaves 
of the beets on this part of the field were so badly wilted as to touch 
the ground. The beets were really dried out inthe ground. When 
the rain came they absorbed water and showed a lower test, with a 
change in purity, from a slight second growth. 


It can be said, then, that, on the whole, the beets gain one per 
cent. of sugar during the three weeks between the two times of 
sampling. but there are so many apparent exceptions to this gen- 
eral statement, due to differences in sampling and analyzing, that it 
is deemed best to use the analyses of both sets of samples. 
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1. Dirrerent Dates oF PLANTING. 


A section of the ground was plowed May 10, part planted at 
once and the remainder planted May 13. A second section was 
plowed May 27, and planted on that day and on May 31. The 
third section was both plowed and planted June 15. The rows 
were two feet apart and 177 feet long; the intention was to thin to 
six inches, so as to have one beet for each square foot of surface. 
In the following table, a “ perfect stand” would have been one beet 
for each six inches of row: 


Aver. | Aver- Weight! P 
a ee ct. age dis- a4 Sugar s ea Aiaae 
t = \t ~ ight 3 : : 
Row. planted. hee, ee pice Test. in |Purity.jin tors! per 
stand.| row. | beets. beet. ee ae 
\Inches.| Lbs. Bere. Bh 
21-92........ May 10 First 3.52%. -: "17.28 Bh. BASS CoE: 
“ : * Second .3..2-c- 16) 960) 719. 2a tae seamen 
2) ORE ee re SS aos 0.92 Average ..... 17.12 82.0 17.8 | 6095 
103-120 May 13 Bartstiiccacccaes 15.24 Th. OWN RS pokinnneee 
Tea uote dieciels $ 5 Second........ 17) 261) 78. 3:8 |g acee ances 
of errr - 83 7.2 0.90 Average ..... 16.25 | 176.6 16.3 | 5296 
{ 
141-155. ...... May 27 BIC Bb i cctieasincis 16.18 FOO ike eave almecree ts 
SPM ssrraiad és ye HP SECODG in.s16, 11012 T6254 5\) spedon |e ers reece eee 
bi de Sree +s 72 8.3 1.09 Average ..... 16.36 18.7 17.4 5693 
156-161 May 31 Lig sl tae Seema 15.37 TT .Oo IN Rhcse. i stetmrate 
Bie Actin . aade Second........ i Wie PRERE Ml aban llbecaae 
as he abe bs 71 8.4 0.91 Average ..... 16.21 78.1 14.2 4604 
165-176... ..| June 15 sere AAES | Teele AT Stcecte esse stares 13;0L | 27-5 street lllnatnetate 
SPE ciafeiniak ce shacete sires ot6 Second cc. as: 14,11 | 75.5 clatpatl tate otcs 
Secs 28 34 18.0 1.27 Average..... 13.56 | 176.5 9,3 | 2522 


For the purpose of studying the effect of the main three differ- 
ent dates of planting, the preceding table may be summarized as 
follows : 


Aver- Weight 
D ae age dis- pe ae f Per of ta 
ate tance . cento crop 

Row. planted. of per- apart weight sugar conti i tans) er 
fect |; beets. |; purity. acre. 

tand, [12 TOW-| Tbs, |2 beet. per rhage 

stan. \Tnches. : acre. R 

MIT es. May 10-138 | 87 69 | 0.91 | 16.85 | 79.3 | 17.5 | 5807 
MAAR AO caloteolseie.sieyese May 27-31 72 8.3 1.00 | 16.31 78.3 16.6 5415 
MOV 7G or tictejersiefocacis eels June 15 34 18.0 1.27 | 18 56 76.5 9.3 2522 
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The showing against the late planting is very decided. It pro- 
duced less than half as much sugar as either of the others. It is 
evident that the small weight of crop is due, primarily, to the poor 
stand, since, even planting the middle of June, the beets average 
larger than those planted earlier. But, with only a third ofa stand 
and the beets eighteen inches apart, the extra size did not compensate 
for the smaller number of beets. The poor stand is due to hot, dry 
weather, and, as will be noticed more at length in another place, 
even irrigating at the time of planting did not much increase the 
germination. 


The difference between the crops of the May 10 planting and 
that of May 27, is not large, indicating that profitable crops may be 
raised, even though the seed is not planted until the last week in 
May. The difference in the stand in this case is, undoubtedly, due 
to the drying out of the ground, rather than to the greater heat. 
Though differences in sugar and purity are not large, yet these differ- 
ences are in favor of the earlier planting. The analyses of the beets 
from the June 15 planting, show that the crop did not reach nearly 
to the degree of ripeness attained by the earlier plantings. 


There is nothing in these experiments to show whether still 
better returns would be obtained by planting in April, and, unfor- 
tunately, the test of this point, made at the Rocky Ford sub-station, 
was so injured by a severe hailstorm as to offer little light on this 
point. 


The beets at Rocky Ford were planted at four difterent dates, 
April 18, May 2,May 16 and June 1. As the season there is about 
two weeks earlier than at Fort Collins, these dates are about the 
same, so far as the season is concerned, as those used at Fort Collins, 
with the addition of one earlier date. The beets were planted in 
good mellow garden soil, in rows eighteen inches apart and 
thinned to nine inches apart in the row. 


As noted above, a severe hailstorm, on June 6, interfered seriously 
with the experiment. The plantings of April 18, May 2 and May 
16, were well up at the time and were cut even with the ground, 
allowing the later planting to approach them in growth. When 
the present writer visited the field, the middle of July, the eye could 
scarcely tell any difference between the first three plantings. 


Two sets of samples were taken of each of these plantings, the 
first October 8 and the second October 29. The crop was harvested 
during the next week and the beets counted from several rows of 
each planting, so as to get the stand and the average size: 
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Average dis- : Weight 
Pate ot Per cent of | tance apart in a tn be _ of ce z aoe eee 
planting. full stand. ere Pounds in one ee Paundes 
Ag AB Oo. .| 63 9.5 0.96 18.4 6097 
Maia acre scans | 57 10.5 0.89 15.1 5138 
Wei yaloeeesocssos. al 85 7.0 0.64 15.6 5338 
Tinh Geen ae 90 6.7 0.50 13 8 4857 
TrEst OF OOTOBER 8. TEST oF OCTOBER 29 AVERAGE. 
Date of Planting. | : d F 
ee a bart, Uh ee” | Purity. ||) CUeeY hall eeacites 
hh ee | 16.98 84.6 || 16.07 86.9 || 1657 85.7 
OO eae rian». >|} 16,79 Seay 17.32 85.2 17.05 84.4 
RT Ge: ee | 16.75 86 2 17.47 86.7 17.11 86.4 
unel sees eee alt) C18009 87.0 vada 85.5 17.59 86.2 


The beets at Rovky Ford ripened better than those on the 
College Farm. They show for the first three plantings about half a 
per cent more sugar and more than six per cent. better purity than 
the first two plantings at Fort Collins. The crops from the earlier 
plantings at the two places are about equal. But while the last 
planting at Fort Collins never ripened and produced less than two- 
thirds the crop of the earlier plantings and not half as much sugar 
per acre, the last planting at Rocky Ford gives the best beets of all 
in quality and not much below the others in quantity. At both 
places the last of May seems to be as late as it is advisable to sow, 
although a crop can be obtained from beets sown considerable later. 
The averages of the two sets of samples at Rocky Ford are identical, 
showing that the beets had fully ripened before the first samples 
were taken. The intention was to take some earlier samples, but 
the letter of instructions was lost in the mail. 


2. PLANTING ON FreEsHLty PLOWED GROUND. 


One of the greatest troubles in raising sugar beets is getting a 
good stand. If the seed is planted deep and the planting is followed 
by a rain, the ground packs and the seed cannot get through; if 
planted shallow and dry weather follows, the seed cannot get 
enough moisture to grow well. In the present case, there was a 
large amount of moisture in the ground at the time of plowing and 
the question was, will the amount that dries out in the first few days 
after plowing be enough to influence germination and growth. 
The table already given contains the figures of the test and the re- 
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sults are strikingly in favor of planting on freshly plowed ground. 
In the first case three days elapsed between plowing and planting ; 
in the second case four days intervened. The four items of germi- 
nation, sugar, purity and weight of crop are in each case in favor of 
the beets planted as soon as possible after the ground is plowed. 
These differences are not always large, though in the case of the 
weight of the crop they amount to one-seventh, but in the aggre- 
gate the difference would have a decided influence on the sugar 
value of the crop. The average of the two plantings on freshly 
plowed ground is 16.74 per cent sugar, 80.8 purity and 17.6 tons 
per acre. The beets planted three or four days after plowing give 
16.23 per cent sugar, 77.3 purity and 15.3 tons per acre. Combin- 
ing these figures, the first gives 4731 pounds of available sugar per 
acre, while the latter yields but 3839 pounds, a difference of nearly 
a thousand pounds of sugar, or something over ten dollars per acre 
in favor of immediate planting. In the light of these figures, it can 
be seen how important it is tbat if large areas are to be planted, they 
should be plowed in sections and each section planted the day of 
plowing. 


3. IRRIGATING AT THE TIME OF PLANTING. 


Three tests were made of irrigating the ground as soon as the 
seed was planted, as compared with allowing the seed to germinate 
from the moisture in the soil. In each case a small furrow was 
made some six inches from the seed, and water run in this furrow 
until it soaked sideways and wet the seed. 


IRRIGATED AT PLANTING. Not IrRgIGATED AT PLANTING, 
Num- 1 Num- 
ber Ton Sugar ; ber Tons Sugar 
Rows. beets in /|Puarity. Rows. beets pe in |Purity. 
peneligcas of beet per miecee of beet 
row GXOO row EID 
27-82...........| 232 | 15.8 | 17.48| 84.7 |l21-26...........) 243 | 160 | 47.841 857 
US il raoornnsse® 388 18.4 LipemigmnlecG).& Pi 88-44 oo acc. cete 271 17.8 16.97 | 84.6 
LGomL]Oumastermene 112 9.9 12.12 76.5 ONTLESLI7 Ola ctereteeerers 128 8.1 13 08 76.2 
Average..... 227 14.7 150 eGaeo Average..... 214 Tae ~ 15.96 ~ 82 2 


The results are closer than would be expected had the treat- 
ment been exactly alike, showing that so far as these tests are con- 
cerned there was no advantage from irrigating up the seed. It 
should be remembered, however, that this was on a soil very reten- 
tive of moisture, and which at the time the first two of these tests 
were made, was already well supplied with water. This soil also 
bakes easily and of course the bad effects of the hardening of the 
soil would go far toward counteracting the good effect of the extra 
moisture. It was expected that if irrigating up the seed was an ad- 
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vantage it would show most clearly in the last case, which was 
sown June 15 after the ground was quitedry. Here, however, the 
irrigation seemed to be a detriment, due probably to the baking of 
the soil. 

While the above results are not favorable to the practice of 
irrigating up the seed when sown in ground as heavy as that of 
the College Farm, it does not ioe that this may not be 
ad vantageous under other conditions and in other parts of the State. 
The present writer visited the farm of Mr. B. F. Wyckoff, at Rocky 
Ford, the past season, and saw there a large field of sugar beets with 
a perfect stand, that had been secured by irrigating up the seed. 
This field produced over 23 tons of beets to the acre. At Lamar he 
saw another perfect field of beets produced in the same way, on the 
farm of Mr. M. D. Parmenter. On remarking to Mr. Parmenter 
that at the College our greatest trouble was to get a stand, Mr. 
Parmenter replied that he always felt perfectly sure of that part of 
the business. His land was sandy enough so that it would not - 
bake and had plenty of slope. He planted whenever he got ready, 
and then turned on the water. His perfect stand in 1898 was 
obtained with about four pounds of seed per acre. 

On the lighter soils of the Arkansas valley, irrigating up the 
seed is a necessity, as the ground will not hold enough moisture to 
make a complete germination. 


4. SoaAKING Beer SEED. 


Two rows were sown with dry seed; two with half each of dry 
and soaked seed, and two with soaked seed, 2. e., seed that 
had been soaked in water for twenty-four hours before it 
was planted. Unfortunately, these tests being made on a 
small scale, were sown with a hand drill that did not do good 
work. (Good results were obtained with the soaked seed, but no 
better than were obtained on neighboring rows with unsoaked seed. 
The test shows, therefore, neither advantage nor disadvantage from 
soaking the seed. 


5. Sowrne At THE Borrom or 4 Tares-[NcH Furrow. 


It was thought that, adopting the idea of the trench method of 
raising potatoes, there might be some advantage from getting the 
beet seed deep in the ground. A small furrow was made with a 
hand plow, and then the beet seed sown with a hand drill at the 
bottom of this furrow. This put the beet seed nearly four inches 
below the surface of the ground, but left it only lightly covered. 
Three tests were made, including both early and late sowing. The 
stand was not so good as in the rows on each side sown at ordinary 
depths. The yield was once as good and twice poorer than from 
similar rows of ordinary planting. The sugar and purity were not 
perceptibly different from other plantings. 
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In connection with this and some other tests, there is a chance 
to compare the results of planting with a hand planter and a horse 
planter. Though we have a good hand planter, yet on the whole 
the horse planter, which with us is an ordinary wheat drill, has 
given the better stand and the larger weight of crop. 


6. DIFFERENT DEPTHS OF PLANTING. 


The following tests were made with the grain drill, set to plant 
as nearly as possible at the desired depths. 


Row Rees eer ae Weigh ae | Sugar in beet. Purity. 
SR Rk) ¥% inch 360 gig) | |) Bien cal Dh eS 
Dey Ei ena eens oe 233 237 16.10 79.0 
GORBO Weis ate avete arene 1 inch 358 281 17.00 78.7 
IOS YC Bae rimo cose. i Pi 239 | 284 15.78 79.6 
B10 seers pre 1% inches 315 279 17.31 80.0 
PD S=UODererepereeencicraas oe x st 270 313 16 76 85.0 


With the first lot, rows 57-92, sown May 11, there is not much 
difference, but this slight difference both in stand and yield is in 
favor of the shallow planting. But it should be remembered that 
this seed was put into thoroughly damp, freshly plowed ground 
that was over a damp, almost wet, subsoil. The analysis is enough 
in favor of the deeper plowing to make the available sugar per acre 
the same for all three depths of planting. 

At the later planting, May 27, rows 147-155, the ground was 
freshly plowed but had dried out considerably since May 11. In 
this test the stand, yield and quality are all in favor of the deepest 
planting, amounting in the comparison of the half inch with the one 
and a half inch to more than a third of the crop. 


7. ‘TRANSPLANTING BERETS. 


Some beet seed was sown in the greenhouse April 20 and the 
young beets transplanted to freshly plowed ground May 10. The 
rows were 18 inches apart and the beets 9 inches apart in the row. 
In the first part of the rows about three fourths of the beets lived, 
but less than half of them in the rest of the rows, making an aver- 
age of about one beet to each two square feet. The growth of the 
beets was satisfactory so far as weight was concerned. They 
averaged a little over one and a half pounds each, or 16.3 tons per 
acre. Nota single tap root grew in the whole four hundred beets; 
they were a mass of fibrous roots that lost at least a fifth in trim- 
ming. Their quality was the lowest of all the beets planted early 
in May, being 14.44 sugar and 74.3 purity. ; 
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The above beets were planted in damp ground without irriga- 
tion. The next day some more from the same lot were transplanted 
and irrigated as soon as set. The stand was even poorer than 
before, though it was supposed that the work had been done with 
greater care. The size of the beets and tle quality were the same 
as in the first lot. The fibrous roots were not quite so numerous, 
but there was not a good beet in the whole lot. Seed was sown in 
the ground at this date, May 10, and on June 8 some of the small 
beets were transplanted to some neighboring rows. They grew 
poorly and not one-fourth of them lived. They were not so bad in 
shape as those from the greenhouse and the quality was better, but 
as a method of raising beets it proved a financial failure. 


Transplanting from the greenhouse, both with and without 
irrigation, was tried on another lotof plants May 26. It was a hot 
day, and in spite of the immediate irrigation only a few of the beets 
lived. 


On June 15 transplanting was again tried with some larger 
beets that had been sown in the ground May 13. These beets were 
set in running water, and though in the middle of the summer at 
least nine-tenths of them grew. They were far from good shaped, 
but they made a crop of 19.3 tons per acre, testing 15.91 sugar, with 
79.7 purity. 

On June 27 some more transplanting was done from the beets 
sown May 27. These beets were quite small. They were planted 
in running water and nearly all grew. They made a crop of 18.9 
tons per acre, testing 17.00 sugar with 80.1 purity. Judged by 
yield and test, these beets show quite well, but they were not good 
shaped. They were transplanted with the greatest of care into run- 
ning water and afterwards irrigated several times, so as to give the 
best possible chance. Better results could hardly be expected, but 
the method would not be a financial success. 


8. DirrFERENT DisTaNcEs OF THINNING. 


The attempt was made to thin beets to 4 inches, 6 inches and 
8 inches, but the thinning was so poorly done that the 4-inch and 
the 6-inch each averaged 8 inches apart, and the 8-inch rows 
averaged 10 inches apart. Three trials were made. The first two 
tests on beets planted May 10, show no regularity of results and 
only slight differences. The 4-inch and 6-inch rows are excellent 
duplicates. By combining these two and comparing with the other 
rows, there is a slight showing in favor of the first two in yield, 
sugar and purity, which leads one to judge that 8 inches is a better 
distance than 10 inches for two-foot rows. The late planting of 
May 27 is quite decidedly in favor of the thicker stand for yield, 
sugar and purity. The full figures are given below: 
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Row diane amos anatomic") Varo in| Suen in | panty 
Inches. Inches. REE Oe acre. 
TG CTA eee 4 1a tee ce Pere 
er endiuOw saw vena leskes 4 8 251 15.6 18.31 86.0 
$03 andi10d).0.cnKe 2 oe 4 8 272 16.5 16.52 15.1 
Beanie Weak ek eee 6 8 215 16.5 17.63 83.0 
Pe Ay ae 6 8 254 15.5 17.55 83.2 
105 and 106 ............ é 6 8 293 149 16.54 78.3 
vorage nett aie ie 8 rvs (Mace 17.2 | 80.9 
2 AIOE See cons eRoe 8 10 211 15.5 18.38 80.3 
Oe eet 8 10 196 16.2 17.08 | 81.5 
407 and 108! o. injcswepeaeee 8 10 198 13.4 15.12 | 68.7 
AVOTAZE Secaicivs cick Oe Piste = 10° ir 202 at 16.69 igs gunn 


Seeing that this form of the test was a failure, another trial of 
the same point was made by going through the rows that were 
intended to have the beets 4 inches apart and selecting twelve beets, 
each of which was just four inches on each side from the next 
nearest beet. The same was done with the 6 inch rows and the 8- 
inch rows. The following results were obtained : . 


Average Weight of 
Dietance weight of full stand Sugar 
Row. apart of beets beets. in tons in Purity. 
Inches. Pounds. per acre. beet. 
andtin soe ee aes. 6.6 | 17.58 “6 ae 
PLANT RVING ae Sacre 6 1.01 22.0 17.67 79.9 
28: and 26ase% eee 8 1.21 19.8 18.34 80.3 


The beets at 8 inches apart are a little heavier than the others, 
and this is about the only noticeable difference. The generally 
accepted belief is that these beets at § inches apart should be poorer 
in quality than those growing closer together. In this particular 
case they are a little better. The most noticeable result is the com- 
putation on a full stand. Ifa field had a complete stand of beets 
four inches apart and of the same size as these, it would yield 36.6 
tons of beets. While, at 6 inches apart, the yield would fall to 22.0 
tons, and at 8 inches, to 19.8 tons. Judged in this way, the results 
are favorable to the thicker stand. 

Lastly, a third test of the same point was tried with rows 27 
and 30, that had been intended to be thinned to four inches apart, 
by selecting from the two rows twelve beets 4 inches apart on each 
side, another twelve beets from the same rows 6 inches apart, and a 
third twelve beets from the same rows 8 inches apart: 
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7 Average Weight 
Distance weight of | of full stand. Sugar 
Row. apart of beets. beets. in tons in beet. Purity. 
Inches. Pounds. per acre. 
27 and 80.......... 4 0.73 24.0 W721 16.3 
TODO COOk en bch eis 6 0,89 19.5 17.10 61.2 
PVG | Sen eee 8 1.08 17.8 18.15 80.7 


The differences in weight, owing to the different amount of 
space occupied by each beet, is quite noticeable, but the beets hav- 
ing the most room do not grow correspondingly larger in size, 2. e., 
the beets eight inches apart are not twice as large as those four 
inches apart, hence the weight of crop per acre is again in favor of 
the closer stand. The differences in the analyses are not great, but, 
here again, the larger beets test slightly better than the smaller 
beets. 

Combining the five sets of tests, it can be said that, as a whole, 
they show that the distances apart of the beets, from four inches to 
ten inches, has but slight influence on the quality of the crop as to 
sugar and purity. It can also be said that it has some effect on the 
weight of the crop, and, if the stands are equal, more tons per acre 
will be raised at less that eight inches apart than at over this dis- 
tance. Even this latter statement can be given as only a general 
tendency, liable to many exceptions. Rows 57-92 were sown under 
as nearly as possible like conditions, were all thinned by the same 
person at nearly the same time, and the thinning was intended to 
be to six inches. As a fact, the rows vary from an average distance of 
four inches between the beets to more than eight inches. If, now, 
there are selected the four rows with the greatest number of beets 
and the four rows with the least, the following results are obtained: 
The crop from four rows, 708 feet long, with 1,711 beets, or an aver- 
age of five inches apart, weighed 1,199 pounds; the other four rows 
of the same length, with 1,137 beets, or eight inches apart, yielded 
1,191 pounds. So that, in this case, the beets grew in size exactly 
proportional to the space they occupied. 

To get still further light on the question of the relation of size 
and quality, a test was made with row 53. The whole row was 
dug and the six largest bects selected, also six of medium size and 
the six smallest, 


Average Total solids ; 
SIzE. weight of n _ Sugar Purity. 
beets. juice. in beet. 
Pounds. 
Weargeshe eum cance cegceciee 1.73 21.87 16.34 78.6 
IM GTM aye eicleleig s.o.sis!eys o10) e/efe wie sieloce sie 0.85 23.27 17.38 78.8 
Srrvallost store acisssiisclesiesse sess 0.30 24.58 19.15 82.5 
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The above results show that in these extreme cases, the smaller 
the beets the better the sugar and purity. Even here, however, the 
difference is not large, being, in both cases, about one per cent of 
sugar for doubling the size of the beet. The previous tests seem to 
indicate that, for sizes from three-quarters of a pound to a pound 
and a half, the size of the beet has but little influence on its quality. 


9. DirrerentT Dares oF THINNING. 


Most rules for the culture of sugar beets say that the thinning 
should be done as early as possible. Four tests were made to note 
the effects on the quantity and quality of the crop of thinning at 
different dates. The earliest thinning was done when the plants 
were quite young, from 18 to 26 days after planting, while the last 
thinning was 29 to 40 days after planting. These are not very wide 
extremes, but they cover the time at which most of the thinning 
would be done in beets raised for a factory. 


Days from | Number | Weight of 
No. of Test. Date of planting of crop Sugar Purity. 
ae Widning, Joe ai pe aap 
Se ah aes DU josde wee 26.” 260 =| 16.7 5.9 | 74 
BoRGd noo oma Doon naCNaS uae 26 363 19.0 17.54 83.1 
SD sechinvaareetncicle, soc orice a8 26 385 17.4 17.22 81.0 ° 
Mon CDAD Sap tete sfois ats rats “14 18 241 Vy faa 16.59 85.4 
IAVOLAR Oya ai ecenscisenllunicericeerceniriaiae 2A 312 17.5 16.82 81.7 
DL reeyeisicieiniegetsssta='seistesesls June 16 36 297 17.0 16.77 81.8 
Se Stele aialftelsus'siaels tae eC pals 36 283 eS 17.08 83.5 
Dee Braiste eieheele a stelaigurel cls S16 34 283 aS PY Sagan IRSRReOORAcS) oad tacasae 2 
A ontate elses eassieicneietoe ee Wy 21 270 20.3 15.76 75.0 
AV OLR Li: cic cies pies Bima ees ce Oke oesetaete eaten 32 283 17.7 16 54 80.1 
Weise elaleiseisiss cit cacece June 20 40 268 16.8 17.22 85.3 
ih eieieiaordie's)astaysflate ei cic a) 40 305 iat 18.43 85.1 
B osioveters abavalsiare'e sleek pea) 38 327 15:5, 16.00 78.0 
A soca sre aude Mitecrs ee 125 29 288 18.7 17.31 81.6 
Heh 42) 2) 4: ERE Ren lS OMOFT Ta. Tonto 37 297 17.2 17.24 82.5 


The average results are closely alike for the different dates, and 
the individual records are so irregular as to indicate that these dif- 
ferent dates of thinning had little or no effect on either the quan- 
tity or the quality of the crop. 


As all the results are excellent, the tests would seem to show 


that the work of thinning can be extended over a period of at least 
two weeks without injury to the crop. As one person can thin an 
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acre of beets in about four days, it follows that a given planting can 
be thinned at the rate of one person to each three or four acres. 


10. Variety Tssts. 


During the spring of 1898, the Station received from the U. 
S. Department of Agriculture, the seed of six varieties of sugar 
beets, with the request that they be given special tests. Two rows 
of each variety were sown, but, although the seed was sown at the 
rate of more than forty pounds of seed per acre, the stand was not 
so good as was gotten with the bulk of our beets. The seed of these 
six varieties was sown May 20, with a hand drill, in rows 18 inches 
apart, two rows of each kind, 177 feet long. The plants were 
thinned June 9 to nine inches apart, and the attempt was made to 
fill in the vacancies by transplanting, but nearly all of the trans- 
planted beets died. 
oh The first samples for testing were taken October 1, and the 
second samples October 22. The rest of the beets were dug Octo- 
ber 26. The figures of analysesin the following table are the actual 
analytical results obtained on the beets three days after they were 
dug, with no allowance for drying out. During these three days, the 
beets had dried out about one-twenty-fifth of their weight. The 
beets were planted in the following order : 


1. Zeringer, grown by Strandes. 

2. Vilmorin’s Improved, grown in Russia. 
3. Kleinwanzlebener, grown by Vilmorin. 
4. Pitschke’s Elite. 

5. Vilmorin’s French, very rich. 

6. Schreiber’s Elite. 


In the following table there has been added by way of com- 
parison : 

7. Average of eighteen rows of Kleinwanzlebener beets sown 
May 13 on the west side of the above varieties. 

8. Average of fifteen rows of Kleinwanzlebener beets, sown 
May 27 on their east side. These last two were sown in rows 24 
inches apart, and the intention was to thin them to six inches in 
the row. 
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Average dis- Average : 
Variety other ta mmm alae peer aes! 
Inches. Pounds. 
I agigugacnetoue SoU ccHE Bue Cs ache ned 24 38 1.30 11.7 
DNATA AES, cyouynerads nbn mantene risa 60 15 1.16 isha 
Bos agro cectels See tg stances 46 20 1.91 16.8 
Abe tone ceeilss Miss ce rescue corte teers 30 30 1.70 9.4 
LE RRA OOCe dro Cortada nomRood IaoB00 32 27 2.09 13.2 
Ca econ annie cites tel demeaeesraaris 32 26 2.18 14.7 
Yb AA aR MOA IDO Ant ace OnE acco” 83 7 0.90 16.8 
Se SIONS CU ODE ROO DOOD OOO IS apis bcaD 72 8 1.09 17.4 
Test OF OcToBER 1. || TEST oF OOTOBER 22. AVERAGE. 
Variety. ; Pa ; 
Laie! a Purity. Breas ie Purity. Bagen be Purity. 

NR strc ce aceeteriats 14,73 13.4 15.44 76,9 15.08 76.6 
2 Se emS ena acuc tae BOOt 16.48 84.9 16.96 79,0 16.72 81.9 
Oem oN hist lsmriiecie wrteleciatets 14.82 78.9 15.68 77.7 15.25 78.3 
/ biden Suiquagacuenc Goud. paDn | 17.20 87.1 17.20 76.3 17.20 Uy f 
Dyreteravetalataveta/stee/a/ale. fires alotetaters 15.49 80.4 14.73 717.6 15.11 79.0 
BSc clay tes tac oe eR lie BLOND 80.3 15.06 16.7 15.60 78.5 
is sodagdactandho. aonb oon) 15.54 74.3 | 17.80 78.8 16.67 76.5 
hesoas icenougnoo- Soc oods 16.50 79.9 16.87 q7.4 16.68 18.6 

Average............. | 15.85 80.3 16.22 11.5 16.04 78.9 


It will be noticed that the principal difference in the analyses 
of the two sets of samples is in the purity. The sugar in the beet 
improves about half a per cent, while the purity decreases nearly 
three per cent. ‘he averago analysis of these six varieties is almost 
exactly the same as of the Kleinwanzlebener beets we raised for our 
other tests on both sides of them. 


Tests of several other varieties were made on the College farm 
in connection with the general test of Européan as compared with 
American grown seed. The results will be reported with the figures 
obtained on the same test throughout the state. 


11. NumBeEr or [RRIGATIONS. 


A plot of beets at the Rocky Ford substation was divided into 
three sections; the first received ‘no irrigation during the season : 
the second was irrigated once, while the third was given four irriga- 
tions. The results are given in the following table: 


Sts 


Weight of Pure sug:r per 
Number of Irrigations, crop in tons |Sugar in beet. Parity. Bere r 
per acre. Pounds 
None .. e 12.0 15.68 79.5 ( 3763 
MIN @s en ask eke k anc < ccc Rae 12.4 17.58 85.1 4395 
Four. “ e eal 11.9 15.53 78.7 3696 


The results are somewhat different from those expected when 
the experiment was planned. They are to be explained by the fact 
that the unusually heavy rains of the season were almost enough 
to raise beets in that locality without any irrigation. The one irri- 
gation gave the beets all the waiter they needed and the other three 
irrigations were a positive detriment. 


In connection with the tests of seed from different sources, Mr. 
C. K. McHarg, of Pueblo, made for us some tests in regard to late 
irrigation. 

All of the plot, containing three-fourths of an acre, was treated 
alike until the latter part of the season, then one-half received no 
further irrigation, while the other half was given two irrigations 
additional. 

The crop was weighed for each variety separately and yielded 
the following results: 


Weight of crop from | Weight of crop from 
Variet half not irrigated after} half irrigated twice 
Ba August 20. after Augast 20. 
Pounds, Pounds. 

Original Kleinwanzlebener ..................00208. 1018 1133 
tar Klemm wanzlebener . oi...5 6.5 cess se ce ce ccelences 1069 1125 
clay Kioli wen zAGDenOL re so:5.<<1< cress s.cccmescictee ele ssie's 787 927 
METILOMICIOIN UF ATVZIOUONOM siescrcetars. «crete sisisiclene aie. 0.s 3.0.0.2 964 1111 
NY EL TEN ONG Setter yh atet = at soe’ arate seisicte cial atote phe oi eielerstavetadiasl acters ave 885 931 
Mangold 694 1041 
4 Kati Gada GREER Cn RRO Eee er a aie tremee 5417 6268 


In this case there was a gain of one-seventh in the weight of 
the crop by irrigations late in the season. 


An average sample of the Original Kleinwanzlebener from the 
part receiving the extra irrigations tested 16.42 sugar in beet and 
81.0 purity, while a sample from the other half tested 15.79 sugar 
and 81.7 purity. Here there was an advantage in both quantity 
and onalitv from the late irrigation. 
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AMERICAN-GROWN SUGAR BEET SEED COMPARED WITH 
THAT GROWN IN EUROPE. 


An extensive series of tests was made of beet seed grown in 
‘the United States as compared with seed grown in Europe. Six 
warieties were used; one grown in France, one in Saxony, two in 
Germany, and two in the United States. The sources of the seed 
care as follows: 

1. Utah Kleinwanzlebener—This seed was grown at Lehi, 
‘Utah, by the Utah Sugar Company. The seed first used was the 
Original Kleinwanzlebener from Germany, and the seed tested this 
-year was the second generation of American seed grown from the 
«German seed. 

2. Original Kleinwanzlebener—Imported from Germany and 
‘sent to us by the Utah Sugar Company. Of course this is not the 
“identical seed that was used as the ancestor of the Utah Klein- 
wanzlebener seed above mentioned, but it is from the same seed 
farm, of a crop a few years later and is presumably of about the 
same quality. 

3. Vilmorin—Sent us by the United States Department of 
Agriculture and imported by them from the original growers in 
drance. 

4. Mangold—Grown by M. Knauer, Greebers, Saxony, and 
amported for us by the agent, H. Cordes, LaGrande, Oregon. 

5. Hddy Kleinwanzlebener—This seed was grown at Eddy, New 
Mexico, during the season of 1897 from the beets of 1896 that were 
grown from seed obtained from Maison Carlier, Orchies, North 
France. It is, therefore, the first generation of American seed from 
the original French seed. This is the first crop of seed raised at 
Eddy. . 

‘Ngh.6. Elite Kleinmwanzlebener—Imported from Germany by the 
United States Department of Agriculture. 

Seed of these six varieties was sent to quite a number of per- 
ssons in the various irrigated portions of Colorado, who had promised 
«to take special pains in the test. Some of the tests were to be ona 
«small scale with the richest of ground and the best of conditions. 
-Another set of tests was to be on a larger scale under general farm 
«conditions. 

Great credit is due the experimenters for the large amount of 
labor and painstaking care that were bestowed on these tests. The 
first samples were taken the last week in September, being the Utah 
AKleinwanzlebener and the Original Kleinwanzlebener. ‘T'wo weeks 


Sines 
later samples were requested of the Vilmorin and Mangold, and the 
next week the growers were asked to send samples of the other two 
varieties. About the first of November instructions were sent to- 
harvest the crops and send samples of all six varieties. f: 

Here are therefore two sets of samples, one set in three pairs: 
and the other set from ripe crops in which the samples of the six 
varieties were taken at the same time and under the same conditions. 

The earlier samples are all from the larger plots under field: ' 
conditions. The later samples are given from the two plots 
separately. 

UTAH KLEINWANZLEBENER. 


Aver- 
dis- {A 
is- |Aver- 
Date of Asi tance} age |Crep Sugar 
News Place taking ren epee ye bers hui 
; : sam- fo) of | acre. ity. 
ple, oe heets |beets.|Tons.| eet- 
: in | Lbs 

row. 

Ins 
8. M. Scott............ .......|....Fort Morgan....|Sept.14/ 30 | 11.3] 0.75 | 6.5 |15.55 | 73.1 
BAS PA Hott collec ace s- e2'|| weet Canfield ...... ee tdets 9.6 | 1.12 | 22.5 |16.00 | 80.0» 
Re Nes AVI Aearce «(a pele ste cote tiles «aoe Berthoud...... os sez! 9.8 | 1.62 | 26.8 |14.71 | 80.4 
Pe BYU se G es cn'e ceive veces c ..Grand Junction..| ‘ 15) 18 9.1 | 3.25 | 26.6 | 9.09 | 64.65 
Gi MoH are... oc cccaewte oes J esree oe Weblo gare. © ce Vi 2k 8.9 | 0.72 | 10.6 |12.80 | 76.5- 
BEE) PALIN ON CON forse pfereln ie 010;0/0/) atarotarerotave hamaric..<- B15), 8 6.7 | 1.10 | 28.0 |14.71 | 78.8: 
Mani Maven: Fou. cube's hess ee acces Debeaque... se alia ako) 8.4 | 1.12) | 28.5 11522) | 82.3: 
re ES Wirigiits terse e siclesteatiereo | Sem clon Berthoud...... © 19) 18 | 25.7 | 1.00 | 7.0 |12.80 | 70. 
WR Sim elec ickiee aelde eo ene Fort Lupton PODS oll ev are tla actersehl erent 20.10 | 91.8 
EMWIN DOVOrcn oe resco mecernds ae leases Alamosa ...... “ 231 18 | 10.8 | 1.06 | 18.1 112-88 | 81.2 
PR Wiee DOUEHIEE AR cre crete <iz.cieias [rores.cee Montrose...... Oct. 3] 18 6.0 | 1.06 | 3C 8 /15.60 | 81.9 

BVOVALO Riri Sacto dnww se Reel attain fo'e-« Settlarerew ios apiatete's Sept. 18) 20 | 10.8 | 1.28 | 20.1 |14.09 | 78.1 


ORIGINAL KLEINWANZLEBENER. 


8. M. Scott...................|....Fort Morgan..../Sept 14, 30 | 11.1 | 0.62 | 5.4 /14.82 | 69.8: 
ie Tsk JNO SC ssc aaonogondeabten Veogte: Canfield ...... * 14) 18 9.6 | 1.00 | 18.2 }14.09 | 78.5. 
PALE DAVIS oesctsieis ce vinicclo we te | Weta ...Berthoud...... “ 45! 24 | 10.3 [| 2.00 | 25.4 |13.89 | 79.5 
yD Rayne) ceicobs cis vieccste costae ..Grand Junction..| ‘* 15} 18 8.9 | 2.87 | 46.5 |11 88 | 71.8 
CHG 1) Rela Pind alee ceaeeacinitanical neacnicty Bueblonecs:: 17) 24 11.1 | 0.60 | 7.2 |16.74 | 83.0>» 
M. D. Parmenter............ QQ00 6205) BENETENEO. Scenct Fiem 15| 8 6.9 | 0.81 | 17.4 ]18.20 | 79.8% 
ame May Pens acieicic's\s.07e 6.6 ¢.07ei|(ateistator Debeque....... GO ilyf|, 383) 8.5 | 1.75 | 35.8 |18.02 | 73.5 
eM WEL EUR seiitars ccialerecterullnsacten Be.thond...... 19) 18 | 257] 0.75 | 5.4 110.72 | 63.35: 
1h, 376, Ushi onan snbaasananndes ER OLEW UU PtOU sire) 2212S a |letenctetetealle elects |laareerers 15.04 | 76.4. 
CE Mis Ot ( eBannancsanciecds cat SEGaae Alamosa...... S523 e 18 9.4 | 0.75 | 14.3-/11.81 | 77.66 
em Wee Douthitt nes verter seal peer Montrose..... Oct. 3] 18 7.2 | 1.25 | 80.7 116.13 | 85.0 
IN Rage, ROCESS FOB GODCOG NOCDE CIO AC OCEEEE Sept 18} 20 | 10.9 1.19 20.6 13.75 “5.3 


ee) ee 


VILMORIN. 
Aver- 
age 
Date of vies eee —o i Crop Sugar 
Name. Place. one tween bere wake gon | in i 
ple. hi beets | beets. |/Tons. beet. 
soeleaee 
Ins. 
SEM SScotes a eatee seer ace ...-Fort Morgan.... Oct. 25 30 13.6 “0.95. rapa 16.44 “87.7. 
SiS. Abbotts cscseaace cd eaeieer Canfield ..... < Ssiaus 9.2 | 1.45 | 27.2 |16.44 |...... 
teh ODAVAG sce mircrem teeters nee enberthoud 5 .<.:0:. . 1} 24 | 15.6 | 1.42 | 11.4 |15.48 | 81.0 
Jr Ds PAYNO eon eno sce ..Grand Junction eT eekS 7.6 | 1.15 | 28.9 17.05 | 78.6 
Cai iMe Hare. cy eer enon eerie Pueblo...... £85 18} 922. |) T3220) OSL Gees TE Son eee 
M. D. Parmenter ............|--+-se0e Lamar....... * 13] 18 | 12.4 | 1.54 | 21.7 |16.67 | 88.6 
Adam: May cescteadcenctaee seedless Debeque..... “© 18) 18 | 10.0 | 1.40 | 24.5 |16.87 | 72.5 
PMs Witt ehh eres ae ceriece cere etstets Berthoud...... 25) 18 | 24.0 | 1.37 | 11.5 116 15 } 81.3 
Oe ea shehd ooemescnoodsaecoce ree BOremlupton'....|i seLelmlo 8.6 | 0.64 | 18.1 |17 42 |...... 
JS.2 Wie Dovey..8 Ge anectmouss Wess RPALAIOSA « -,../.5 amet (eels 8.0 | 0.87 | 20.0 |11.80 | 78.5 
Alot Nika AUTO WIS Me oaparhas sbaqo |joode. Montrose...... SPATS 18 4.8 | 0.68 | 21.4 /18.22 | 88.3 
AVOLld SO fz3.cusnls Poe teh | neem ees Oct. 18 20 hs, LB ‘17.8 16.30 “e241. 
MANGOLD. 
WBN SCOtt arte oe (cetera ....Port Morgan....|/Oct. 25} 30 9.8 | 1.39 | 14.6 |13.06 | 73.8 
Bas PAbbott. 3. o-kestescecr Pee Oantield <i. \.:5:.| Sh mtSimels 9.2 | 1.52 | 29.0 |16.89 | 78.0 
a) PAL AVIS facet erets seer ctor all eareiener Berthoud... .. 14) 24 | 15 2 | 1.57 | 13.5 112.58 | 44.2 
ODS Payne... ase eatee ele banged unction..«|~ °° si7ie 1s 8.0 | 1.50 | 32.7 |18.82 | 88.5 
CK Motargteusc. cena ccnon wer ee Poeblo.........|- {° Agiit22. | 15.20) 1202 i JOLON ese = 
Ms). Ranmentars 2. 9-4-2smen enero Lamar “ 13) 18 | 13.2 | 1.75 | 28.1 |16.70 | 87.4 
Adam™=May™icoss cc. sateen sta eee Debeque * 18} 18 8.8 | 1.44 | 28.0 13.69 | 67.2 
eM Wirightorncscrscis eee eee Berthoud...... 25) 18 | 24.01 0.65 | 5.0 |18.05 | 84.5 
Meee Slaten ciccersesetecere eeeHorbuupton...) ES 2) ts 8.8 | 0.77 | 14.6 16.06 | 90.9 
J. W Dove ee stele setae Wee Ae OSE. aoa. Saad 7.2 | 1.12 | 27.2 |10 86 | 77.8 
Je We Domthittie a. cieseles cielo LOMbLOSG tent “ 24) 18 5.2 | 0 69 | 28.1 |16.04 | 83.7 
Avébdde 04 4: isatts.. te eee Oct. 18) 20 | 118 | 1.22 | 20.1 [14.97 | 80.1. 


a yarn 


EDDY KLEINWANZLEBENER. 


Aver- 
age 
Date of wise ae ee Crop Su, 
Name. Place. whine twe’n aoe Wert Pam a ee 
ple. See beets|beets.|Tons beet. | "¥- 
eee 

Ins. 
AERTS, lr an Canfield ......|Oct. 29] 18 | 7.6 | 1.00 | 23.1 [14.26 | 78.1. 
Moen NL CRIA E hr on caps osetia) Pernvesie Pueblo BOR TOG Nov. 2} 24 | 10.4 | 0.94) 12,0 |17.09 | 81.6 
I leh Wanderer wcities oelnpernee | vie stein Berthoud... .,./Oct. 88) 18 |. .... IES AlGecea 13.03 | 78.7 
DE ONODG acuk seers (Seales [ino Soe Alamosa ...... Noy. 1] 18 7.2 | 0.62 | 24.5 112.70 | 88.3 
A GPM WE SEV atioe cic cs eiyewan cine.es . Debeque..... TA TSS ean SON eee 16.39 | 85.8 
AIR Be RENT: Lone de aaa ..Grand Junction. oot 18) | aT AGI | 265 7 eee 7.9 
IASVGEABO cams Po donclas oil Sarin wie comico nes Sette Noy. 4) 19 Tey Te Thay || PA Ue) 14.71 | 80.0 

ELITE KLEINWANZLEBENER. 
oie te GaN a) aye o ee get eee Seal (ease Canfield ...... Oct 29) 18 9.3 | 1.25 | 23.6 |16.35 | 81.1 
Ai eS NE CANE ns can cians eis «os eee LHeblOw ae INOV. il .2d 8.0 | 0.88 | 14.4 |18.49 | 89.1 
RPO iteits ci cine cacuio on eel ees oe Berthoud...... Och aol 18a ltrecee a Ellas Bo 14.43) 73.7 
Uscbiie BOGE: saaatos de seretieen jmacurce Alamosa ...... Nov. 1, 18 8.0 | 1.12 | 24.5 | 9.87 | 69.7 
PNGUETT EE AY es cinco eieeiais ayes 9/216]|/oensces Debeque...... Ce i Sas eee IRD saeco 16.39 | 82.3 
J.D. Payne ..Grand Junction..| *“* 7 18 | 11.7 | 1.61 | 23.4 /14.58 | 79.0 
PRV OTHE vcnretoyr(oito en sists .|Nov. 4] 19 9.2 1.23, 21.5 [14.93 79.1. 
AVERAGES. 

ital BilemwanZleperer s.s.cci.%</< ec ooecsis Boden Gye los 0 Sept. 18 20 | 10.8 | 1.28 | 20.1 |14.09 | 78.1 
Original Kleinwanzlebener................... 2... 18 (20) |) 20)9) 119 20k 18.7 onleTo.3 
VIED ITVATIIO TS & OOS bacneMcE Boe ee PooOnoorie Hor ad reac ticcendd Oct. 18 20 | 115] 1.12 | 17.8 |16.30 | 82.1 
iS ETEPEOING |. on Ga nG aD eRCN DEAE HER OC IOLer ddan sodaneoS st 18, 20 | 11.3 | 1.22 | 20.1 |14.97 | 80.1 
Eddy Kleinwanzlebener.-................++2+.+.-...|Nov. 4, 19 9.2 | 1.15 | 21.6 |14.71 | 80.0 
Hlite: KWleinwanzlebeners...cncone emcee «sss “ 4) 19 9.2 | 1.23 | 21.5 /14.98 | 79.1 


—= 2 


RIPE CROPS. 


UTAH KLEINWANZLEBENER. 


Aver- 
when (9€2,0| Azer | Crop 
Name. Place. was, | apart | weight nore: fegied? 
harvge [of beotalot bets) ns 
ted. Inches. 
Sesbanroe, © 0c we eae Canfield .....|Oct. 29} 9.4 | 1.05 | 19.4 | 16.26 
Ms Di Parminterie nse etacis stoi tetas Lamar ..... S208) rok 1.15 28.3 | 14.08 
Gal Ce Woolmattes... cece |\ccsent Sterling: ....| “SS e3tlmt #950 0.80 16.1 | 18.40 
Crp Mig RUlisOns sca nsetetlede-t .... Parachute ....|Nov. 12) 5.3 1.36 44.6 | 16.91 
CUR MoHarg: soe... lds csces Pneploncs.: SO et 1.32 24.5 | 14.80 
IMDS Paynes decker steer .Grand Junction.| “ 12) 9.2 5.10 | 105.5 8.88 
Chase Milnes. eccscrs citcienrn| omer JORG Katee BRIN illo ntsiass 1.00 206 | 15.88 
Ue Wie 1s iisceacnoopecnosca |fadcdc Montrose..... likes Z| 1.18 81.2 | 12.63 
Avoraken vo Sots ae ht Rees a Nov. 4| 7.6 | 1.12 | 26.4 | 15.57 
MoD vbarnen | ake eee Lamar ...... Oct. 28} 9.6 | 1.11 | 20.1 | 16.00 
Craiia Rulison .crcactstieliis . Parachute ....|Nov. 12| 5.0 1.18 41.8 | 15.27 
Substations «ven som cress ..Focky Ford....|Oct. 29} 7.4 0 67 15.6 | 17.55 
CollogosHarmicn once cases: . Fort Collins. .| ‘' 26] 12.4 1.16 16.3 | 17.87 
Ya): -5- AEC OO CUE O06. ade10c Osc COCCI Noy..4 8.6 ~ 1.03 23.4 "16.67 
ORIGINAL KLEINWANZLEBENER. 
Boa Abhou. eee Canfield ..... Oct. 20] 9.6 | 0.85 | 15.5 | 14 89 
MD Parmenter. cance ee Maman... s; 281936 2.18 39.9 | 12.46 
Ca M> iC! Woolmanr. an. s.c-ilteene Sterling .....| “ 81) 9:0 0.87 18.0 | 16.57 
C. M. Rulison...... .... Parachute ....|Nov. 12} 5.0 1.18 41.8 | 17.10 
Cake McHarg..... 0 sacak coe lteeeee Pueblo...... ot Ol eo) 1 59 23.4 | 14.13 
igh) SMP AY DO es iahes sis nctee Stent ..Grand Junction..| ‘“ 12) 9.6 6.00 | 128.4 8.93 
mhasy Milnes Gases scceoae scleral serie La Jara...... Cee ta | ed) 0.97 21.2 | 15.75 
Doe W ee Douthitte nen eceaesel Geer Montrose..... Cee eae GOT 1.62 42.1 | 18.11 
AVOTA RO t it Sodus cece | ae enaeee Rowias 8.1 1.82 ~ 28.8 14.86 
Large Plot. 
M2-D Parmenter in. s.5a0snen setae Lamar..... Oct. 28} 10.0 1.82 23.2 | 14.70 
Ci MGMRULISOn ies emesene ... Parachute ....|Nov. 12} 5.3 1.22 39.6 | 16.39 
Substation.......,.:........ + |... Rocky Horde.|Qct, 29) 8.2 0.84 17.9 | 16.45 
College Farm................. ..Fort Collins...) “ 26! 8.2 0.87 18.5 | 15 21 
AYOLARES cies cis cinsieicsmcl, \hamieen meee nee teen Nov. 1 ae "aioe anee 15.69 


= — 


VILMORIN. 
Date he 

when } dis- Be Crop 
Name, Place, | Sep | danse [oalhe| bee | Suaes Ber 

bar, [ptbeetel“ite, | ome 

Inches. 
AME Rhee te A be Canfield ..... Oct. 29, 8.8 | 1.33 | 26.4 | 1679 | 87.3 
Mire Dem Parmen ter .a.cac teak ol eter Lamar ...... eS iO. ila} 28.3 | 14.38 | 76.1 
Oy Meg Ge Woolman <01...00., |2e<.5 Sterling ..... ESI 920 0.94 18.0 | 15.81 | 78.6 
OMe piliptaic eS ek os, |... Parachute (Nov. 12; 5.2 | 1.10 | 37.2 (15.31 | 93.6 
Grate Mob are 28 5.22 sa. cucn|ecetae Pueblo...... oe *9|) * 8:0) 1927 22.8 | 14.42 | 78.3 
J. D. Payne ................-- |.G@randJunction..) “ 12/ 9.0 | 4.46 | 90.2 | 9.65 | 67.9 
Case MLING eso cek ics cares ceese =) Suse Lawarar.s: caren 8.0 0.95 20.6 | 13.48 | 76.5 
Mie VWierOULHE Gt coc cmc waves save emma Montrose..... Yee dela Gey} 1.06 27.7 | 18.80 | 74.2 
US VOLBLG. cn wsces/ee ce elem it ccmme acere diocese se Nore Sr wee 95.8 1.78 99.2 
pee | ST et Oct. 28} 16.0 | 1.82 | 14.4 | 14.95 | 84.8 
One MEU ELINON 2-303 <lve ise s «10s .... Parachute ..../Nov. 12} 6.0 1.12 88.5 | 15.92 | 80.6 
Substation ..... ... |... Rocky Ford ...;Oct. 29} 7.0 0.50 12.5 | 18.00 | 89.2 
CoallecetWarnh--2.. 0. ces seceonltee HOrt Collins.-.| 2.26) 10:9 0.92 ne Wai eS 
VOTES OS tielousle gener on | eucstejerte nsec acta Nov. 1 “10.0 1.008 20.0 "16.50 83.3 
MANGOLD. 

eat ee ies ee Canfield ...../Oct. 29, 8.6 | 1.18 | 24.0 | 13.00 | 68.4 
PRS Py BEATIN ONLOE ee cierce caiceet lessee Grit he Reeone EM ie 1.32 34.5 | 13.42 | 80.6 
Cop MEO WOOlWian \stereeie inte an lis eysiae Sterling ..... FSi) 9.0 0.78 15.5 | 14.43 | 74.9 
Ca Mo RULIGON Gece. eee soe ||P ere APACHULO .2.-| NOV. 12) (5.8 iby 88.2 | 14.66 | 78.3 
Cepke Wie Marea testa wore le tee Pueblo..... ‘oO esr S 1.28 20,0 LBs tele 
Oe Deh aynes cc ieee ere os | araudwianction.,| “| 12)'~ 9.0 4.00 81.1 Orit sions. 
(Qhirnsie DPD Ass oehpadasaendome lascaue La Jara... «: 7} 8.0 1.06 23.0 | 14.32 | 74.8 
NV DOULHADL, .e..c.ccnersie mre || eeonae Montrose..... en Gh WY 1.60 41.4 | 13.44 | 71.0 
ASV OTERO sts cas roiasess wioveiese ccarclsl tba siereth srerareveterars: aye Ai Now i 1.21 28.1 14.00 5.2 
M. D. eaters welesemlatcaterraitiaeite (hamer..s-- Oct. 28) 20.4 1.55 18.5 | 14.57 | 87.5 
Ore Map RGlisOne enc cvsateteltes .... Parachute ..../Nov. 12} 5.0 1.18 42.8 | 15 88 | 82.7 
Substation «.......:--.-...... ||----kocky Ford.../Oct. 29; 10:4 1.00 16.7 | 15.84 | 82.7 
College warm. .re cscs arn sess ...Fort Collins ..| “ 26; 9.4 1.04. 19.2 | 17.15 | 78.0 
Averagedincs ch we sssnecne Novel 41-8" 1.19. 22.9 15.86 “62.7 


ae 


EDDY KLEINWANZLEBENER. 


Aver- 
nae He shee Crop |g 
crop | tance | weight} per pgars| Por. 
Name. Place. was | apart of acre eet ity. 
har- |of beets} beets. | Tons 
vested.j/in row.| Lbs. 
Inches. 
SE genes Me (IE Canseldi:...|Oot,29. 6.0 | tad |. a2 ct enes 
NOS DeaParmoentens sce cee cereale Lamar 28) 627 1.67 43.6 | 18.56 | 81.8 
Os MieC. Woolmany, .inscies.e erst Sterling ..... iy AG) 0.94 19.1 | 16.76 | 82.9 
CauMe Rulisonan acs ccsscsee ..0s; Parachute, .... Nov. 12} 5.6 1.12 34.4 | 16.04 | 84.8 
(Che 1G I Wes Eiyege enn Sativa Copa | fees or Pueblo...... isi eset) 1.60 26.1 Nts s890 marl 
Die Dy PayiOyers. causes seine ..Grand Junction $0 120 Oro, 5.00 98.5 | 10.36 | 69.5 
Chasiy Milde We. as snc ese eieree |e La Jara...... Ss Milas 1.00 23.0 | 15.80 | 81.7 
AR ME DOI Seen coon ce one [PSone Montrose..... een teth woz 1.22 31.0 | 12.70 | 70.8 
AVOLE Os iccre - meecolstets yeinela | Sa atevemveeeselete ese. vies Noses hives “1.25 27.0 4.1 | 79.4 
Ma Pationicn <a Lamar ...... Oct. 28] 10.8 | 0.95 | 15.5 | 14.22 | 81.8 
CaM. Roalison tera aie jars ..-- Parachute ....|Nov. 12} 5.1 1.18 39.6 | 16.50 | 83.3 
Substationeseg waaecesteccterce ... Rocky Ford ...|(ct. 29} 8.4 0.70 14.4 16.82 | 87.5 
College: Barniys.scis cesses ste .. Kort Collins...) °“ 26). 11.1 1.06 16.5 | 15.80. | 7822 
AV OPAL Oca sreteeaeucen ioe ccion| Cooe MIE Mame octdje cine s Nov 1] 8.6 0.97 21.6 | 15.83 | 82.7. 
ELITE KLEINWANZLEBENER. 
ee ne | Canfield ...../Oct. 29| 8.0 | 1.00 | 21.8 | 15.90 | 78.5 
M>> DD Parmontertcns.seeee ven leer Lamar O28 Ga 1.60 40.4 | 15.75 | 84.0 
Oris CemWVoolmantenscieeeetrn |eecer Sterling ..... Sih 0.92 19.2 | 17.28 | 83.4 
Cap Me Rulisoniaceciencsconatee .... Parachute ..../Nov. 12} 6.0 1.36 40.9 | 16.84 | 85.3 
Co KeeMeiare>: cers. cece oe Pueblo COS bike 1.50 25.6 | 15.38 || 80.0 
Da Raynor cscs secant ..Grand Junction eae be a) e) 5.00 | 102.2 | 10.45 | 706 
(ONECE Wun Wee, Goadaacaopsovaner ce Iearcca La Jara...... ee SRD 1.11 24.2 | 15.50 | 85.7 
da \WKG ADXOMUER hacoacoo andar lance Montrose..... Re rally RAY 1,22 31.9 | 15.08 | 77.0 
AVeRAge sc. ac'nu sents sete ee Nov. 4) 7.4 | 1.24 | 29.1 | 15.95 | 82.0 
Large Pilot. 
ME DyParmentenece-c eee sala Lamar ...... Oct. 28] 12.8 0.82 10.9 | 16.61 | 85.6 
Cop Sitg holisonteasteae neers . Parachute ....|Nov. 12} 4.9 1.14 40.7 | 15.42 | 84.2 
Substati onewacwer sae ..Rocky Ford....|Oct. 29) 6.8 0.67 17.3 | 17.38 | 86.1 
College’ Warmuntnwscneieaece Paukwuni Cov bbelss; 55h poonondl maeaoaael | sgasosdolloasoktos || sodacoaol soocac 
AVOLAZG. Sci case eocnan Inoue ree ee Novi “Eee 0.88 23.0 “16.47 85.3 


AVERAGES. 
Variety. Plot. Opp Ese Bagae in Purity. 
‘ons : 
Utah Keinwanzlebener. jo is0il. 28 ices d Sees wees Small er 15.57 81.0 
Large 23.4 16.67 84.0 
Original Kleinwanzlebener.....................6- Small 28.8 14.86 Vitek 
Large 24.8 15.69 81.5 
WEL OUD cow's Oss wicic coat panne nmenae nasties Small 25.8 14.78 79.2 
Large 20.0 16 50 83.3 
Marigold scree sce sdes tas tae eee os Small 28.1 14.00 id) 2 
Large 22.9 15.86 82.7 
Eddy Kleinwanzlebener ...............02. cece eees Small 27.0 14.71 79.4 
Large 21.5 15.83 82.7 
Elite Kleinwanzlebener.... ..........0...0000-00- Small 29.1 15.95 82.0 
Large 23.0 16.47 85.3 
Utah Kleinwanzlebener ........................4. Both. 24.9 16 12 82.5 
Original Klemwanzlebener ....00. 00... 26ce.c5 es 6 26.8 15.27 “9.6 
SUNT) i 8 Anta RE ROA COC On ADE macnn er ab. iabned is 22.9 15.64 81.2 
is EUPECELG I Sc ea rs 25.5 14.93 78.9 
MACY GIN WaliZlODONeD jaa cs 5.535.020 se ceelatieeeces st 24.2 15.27 81.0 
Elite Kleinwanzlebener ................-.2. 2005 "s 26.0 16.21 83.6 
EV ORAL Oatetevs: a sersieicnYa's duaiaietaieiAlagels, Waters ec eanete 25.1 a iy SV) ; g13 

Availabl 

Variety “ggee | wun ot Pace ant] sven pot 

Weight. Pounds. : Pounds. 
UWtak Kleinwanz ebener.....0---. -sseces esse oe 86 1.07 8060 6650 
Original Kleinwanzlebener......................- 87 1.25 8184 6514 
‘Adios 80 he SORR eee ARCO OMOSE-J00 Oy. BOL ULE fe EPRI HOD 80 1.10 7163 5816 
GTi 6 PS RO ee RRD An CODD COresuer. Bet cnneaocetes 75 1.20 7650 6036 
Bady WKleinwanzlebener sina cto liapeteee aceexes since 88 Tab 7390 5986 
Elite Kleinwanzlebener ...,........ 0... ceee cece ee 89 1.06 8429 7047 
IAN CYEROS ads Wonca ea 84 1.13 7813 6841 


Sos 


A comparison of the results from the different kinds of seed 
shows, first of all, that they are all good seeds. An average of 25.1 
tons of beets per acre testing 15.57 sugar and 81.3 purity is a very 
high yield. There is, however, considerable difference in the results 
from the different varieties. The Elite Kleinwanzlebener and the 
Vilmorin were sent us by the United States Department of Agri- 
culture as the best beet seed that they could get. The Original 
Kleinwanzlebener was selected by the Utah Sugar company as in 
their judgment the best brand of seed on the market from which 
to raise their own seed. If we take the average of these three first- 
class seeds and compare it with the seed raised in Utah, the com- 
parison is in favor of the Utah-grown seed in per cent of sugar and 
purity, while the crop per acre is equal. The Utah seed is, there- 
fore, superior in pure sugar per acre and in available sugar per acre. 
The Utah seed is superior to the seed from which it is descended in 
sugar and purity, but a little inferior in quantity of crop. 


The seed grown at Eddy does not give so good results as the 
Utah seed, but it equals the Vilmorin and is not far behind the 
Original Kleinwanzlebener. The germinating quality of the seeds 
is quite satisfactory. The four Kleinwanzlebener varieties give 87 
per cent of stand, while the Vilmorin gives 80 per cent, and the 
Mangold 75 per cent. 


In the light of these experiments there can be no doubt that 
sugar beet seed can be grown in the United States fully equal to 
the best of the imported seed. 


The tables of the yield of the small plots include the figures’ 
from the field of Mr. J. D. Payne, of Grand Junction, but these 
figures are not used in making the averages, because they ara so 
different from those of the other experimenters and so different 
from the average of Colorado results. 


Mr. Payne planted his beets in a deep sandy loam, where the 
roots had unlimited room to grow downward. ‘The soil below was 
full of water that was constantly being brought up to the roots by 
capillary action. The ground was also full of plant food. These 
beets, therefore, had the very best possible conditions and they 
improved their opportunities. The rows were 18 inches apart, and 
the beets thinned to 9 inches apart in the row. The stand was 
perfect and the growth enormous. Toward the latter part of the 
season the tops crowded so that the patch seemed one large beet. 
It was impossible to see any ground or to distinguish one beet from 
another. The beets averaged five pounds each and almost touched 
each other, making practically a solid row of beets. 

As would be expected under these conditions, they never 


ripened and their quality is low. The figures of the crop are as 
follows: 


Ore 


Variety. eee Sugar in Purity. 
Tons, eet. 
Wah wKierm wanzlobonanceccjce sneer ser ote caw css o6 est slo’ vesie shine 105.5 8.88 64.6 
Original Kroinwanzlebener pease cee ae ces ashes sd televise es 123.4 8.93 66.3 
UTE MO TIES at ca pelee totes domenica tas enon sev alsetle warielciras 90.2 9.65 67.9 
WTI LE vic cn ewe nice erie IORI RE angle aiciniat case vialiidhteeie s 81.1 9.11 65.5 
Maye loin wanwlehenGrer cess tc pote oaks ea sae aie obs wenaee ae 98.5 10.36 69.5 
Bitte: Klemm wanzlebeners. descxtaeceeie oc cue sieicich iv ves Seley evar 102.2 10.45 70.6 
ir atari as Seeto nee Mey ei oat As Sodgscvevévenl' <1 100d 9.36 | 67.4 


This is.over 19,000 pounds of sugar per acre. 


A SHIPMENT OF SUGAR BEETS TO GRAND ISLAND, 
NEBRASKA, 


As will be given more in detail later, the Business Men’s Assgo- 
ciation, of Loveland, Colorado, in connection with the Denver 
Chamber of Commerce, offered prizes for the best crops of sugar beets 
raised in ‘the vicinity of Loveland. The officials of the Union 
Pacific, Denver and Gulf Railroad considered that this would bea 
good opportunity to test the beets of northern Colorado on a com- 
mercial scale. They obtained several hundred pounds of beet seed 
from the Oxnard Sugar Company, of Grand Island, Nebraska, and 
distributed this to the farmers of Loveland and vicinity, free of 
charge, on condition that the growers ship their beets to Grand 
Island. Instructions in regard to the methods of growing beets 
were sent to each one, by the College; the present writer visited a 
good many of the farms during the growing season and took notes 
on the crop and the care it had received, and as the season advanced 
he took samples for analysis at various times until it was evident 
that the crops were ripe enough to sbip. tage 

The changes of the crop in the process of ripening and the daté 
when the crop was ready for harvesting, can be gathered from the 
following samples that were among those taken at Loveland: 
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Name. sai ple was ete Purity. 

Bie SMCOX fe sce Beh eras sda valde clare ee eae eee tan cree Sept. 22 12.45 13.4 
SEED, WEL. Be oe BAe Gls lecarahia sia ofeasteiee toweae letters seein Oct. 4 12.73 78.5 
Leta Uae eee note ottee AMaE oe SHnGen aasaionon doounuae saa 20 13.40 75.7 
faye tb Spor coon deBlAsDOdea odcdas0ed Jasaensocose Sept. 22 14.21 76.6 

4 Cea hg chats Shaws cdiaveis aide pine octeeesrerleletoiatclerslateie’s < Oct. 4 14.54 83.7 

es te EEO Rete ORE CA OUR AT ASO SNS Co raeEe Sr r20 17,39 83.7 
(O)5n Ge (Shae Nogaonogdmusaoed 0c GaeOOd cog ono ebaUGRes eA! 13.87 79.4 
BP a litre eet Seem ener Dison Het OOr TEEN eat 14.73 79.0 
NiRS Paulknier 20. «0s. stemsaredecenemiosten bas 4c ie 10.93 72.1 
See Se iy eae beni tich coniicanotce ae ame es 12.07 74.0 
Alvin’ Shields son .ic -actrceseectiseeemseten ears «cls aes eno 13.30 81.2 

as BO OT ci die talove era ante cers fete a esiaye «ass ee 15.96 86.8 
DiS Stolen: cas ciecucos green cows erneeatale sale eee! 13.06 76.6 
LR? en Bdtne 3 Scot ch a coe eoics GOO On GER RAR nance 15 68 82.9 
Harvey, Skinner. 014. :2e sateken oie Races ast. Site eb) G3 16.53 84 5 

is De deni Sombcab bse tobe Sotto oneene cere ead 17.38 85.3 
Te Wa Clapper wassenssiatoeteanetrnceenreteataae toaee Big ig | 16 15 83.9 
COs ORI eo ete opicdati eco. caiAcice aCe eee Nov. 1 18.53 80.4 
DHorshimanerwa tose none tan keane. Oct. 18 12.11 77.5 
ef “ aL ales Delp letavelole Petoreiceta slo cioistet siete aes Mio, 6 mol 14.06 74.9 
PoC {Benson gan. Ames trate Soa eee eee ee Pe Sate 17.96 83.6 
a MIR Pc or BR BS Siri cic ce it eee “D420 17.77 84.0 
PERL EIN, Ss ANNs Semen SF Seis 19.05 | 88.0 


According to these figures, a factory could have found beets in 
proper condition for working the last week in September, and ten 
days later nearly half the crops were of excellent quality. All of 
the fields improved in quality during October, and some of the more 
backward were hardly ripe before the end of the month. 


Harvesting for shipment to Grand Island began on October 28 
and was completed November 2. Six carloads were shipped from 
Loveland, two from Fort Collins and one from Greeley. Each 
wagonload of beets was weighed when brought to the cars and 
samples of the beets taken for analysis. When the cars reached 
Grand Island they were weighed, the beets again analyzed, and also 
a sample was cleaned to ascertain how much dirt was attached 
to the beets. 
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Name. 1 ateet Ss Sugar in beet. Purity. 

Boh BaAskObte NG. Les. cosasee 4 Oct. 28 17.48 85.3 
FIAT VOS) KINNOP. NG JhLaccenetalteercntesces tocceee: BI 5 90333 15.06 79.4 

oh te Nowidt 2emerceaneeree eta tect wc. so 28 17.32 83.1 

. _ Now saneeenw aun eden satis cud “S23 18.15 87.4 
lee Pa ROUEN deta tc avicgpnivoeane Cer citesme ce woes SS A28 17.10 85.0 
MOD HOKANSOR lhc sdb scequeeee sich caren eta etts x Ss 17.39 84 2 
Uictti ISRIS E NG (ey ek Bre meres See eens 0 En “28 16.15 84.7 
Glos Whelchel.s No. Wcaciieectoh eas eels < sich SOS 15.63 86.8 
OHEY Derby act sels «acini sk neitoiMciciciamine celeeeel sie) bees COR 18.77 84.5 
Paghoane (Merry, NOs ncn ceanee ce eanec sy Hoth eA 20) 13.73 75.4 

a oe oe INOS oi oe comumcntsiseicee: ted esis see 20) 14.78 81.8 
Rese CORN OFF Inco dteiase Stoo eo oan ieee aoe oem eh cl’ $5529 18.82 Vise) 

ss oe BNOs Direc saiecceskies cteceemetils outa bicse ee!) 12.83 15.4 
TSI RTE A ee Sn en Sete Ae hr en Sere 29 15.68 82.9 
E. E. Bassett, No. 2.. “29 17.77 84.8 
WW USTAEY clot sna deso'cie a Reed cL elieteamieneanretrs es 6c 29 16.63 83.4 
PPro age INO Sido sixic cre oa oes Che oe Sele cea e Mice ue iene ‘29 16.91 84 5 
J.R. Samuels eid Said arc be es nee Orie $5720) 14.96 83.0 
I. O. Hollewell. No. 1 Dave's. s’areie «oi slavataameieie terse ieteie -ye 20 16.58 78.1 

Ce Ee INQ Oe oor viels'e one's retire semerteiece siete 29 16.63 82.6 
PIC SBeHBOB UNO: Lid.ceceloks nok scacste ets cea se 99 19.33 87.9 

He sf ING 5 it aide eieaies on -delddareta ean closes 29 19.14 87.5 
Gre EIB ES.O Wallies oteisaocer ois fo waisid' says seize eee cem ersiaters ves 29 16.34 84.7 
EO ORI WOLLOING. | Le crease esinctaverp ap eresariescy. ve 29 12.97 73.7 
WinmeticetasrprOUnOr sc s:osesevr ar os od es ce ceeeitinerctc 20 15.87 80.9 
WsaP Ete fc chncizeGine. iv aieie caycieswemieatee anleeeieeeaens S20 14.20 78.1 
Derde MORLEG Yad have rest ails ate:r<ikialorayeivinieyeisivlercfeisies spemeetiaes 5129 18.00 87.2 
G O. Whelchel. No. 2 tract eric anicnee 429 18.53 86 6 
WIS VARHCR NON cot cincis< seis aon eaemeoauin ves: Ars!) 17.58 80.1 
J VAEEP UGS sd Gr du Cabo REDE OO EOE SRC SIC IGOR TES Last 15.25 80.7 
MGM BarfhelfONO.elshcs cc's sei oscar ee aaNeess hoe £31 13.83 78.0 
TDS DEH TH TE) ce one esOnCSORrIee BRED Oc cone concern OO Bl 14.06 74.9 
Rye ASOLITAUIY 5 tetotois gley<cie e.< 0'e.0 s/s:ovee’s Maataiaietete/aja.aicrete cor pal 15.34 718.2 
MESES SRV ALIOLS NOMS ace dois sis:s oa cchteceneebeceutes « ey EAN 18.24 84.0 
FALVAT MS DICIOS NOS Lace ctoyenje sjaia od oiccinstaliaroaneterasiess « Oeil 14.39 97.8 

Se i INO acs chica 5's verdivele Cotas Meee niet? 23! 15.96 86.8 
ler GaCaldwells NO. 22)... 6 insied ot talc tian amen scree sie de By 16.15 82 0 
Ad Sis Gees eNO COO Me COCR LE le Se ncrnicaaccrce oo 8i 15.01 15.5 
Per G, ESCHISOI NOs Disiceicre cie(aie - cialere SCE COL Ronnie Reage Nov. 2 19.05 86.0 
ee Gee SATENO HINO. Oe kaelouveica scales Rae e ee cena nade: Ce 15.68 85.3 
C. A. Anderson, No. 1..... Ze wiclaleticials Me malerevas za wi sae) 15.96 86.0 

of ¥2 OA (ae sm COCA COMES ak AOrO To ACL RCE AE Le 2 15.44 87.7 
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The six cars of beets from Loveland were several days on the 
road, and of course dried out considerably. This would tend to 
lower the weight and raise the analysis, as is seen in the table below 


LOVELAND ANALYSIS. PRENUSLEEARD 
Car. Loveland |  Teland 3 wae 
a Baer ae Purity. ath Purity. 
W.2P, 27590......000seee 31070 29600 16.00 | 84.8 17.1 84.8 
OL RAEN, 6447. 30850 30000 15.24 81.5 16.8 83.7 
HG ied 11 ee a ae 31870 30800 || 15.60 82.3 || 16.9 80.8 
U. B.D. & G. 26964... | 19000 17700 14.50 80.7 16.0 82.8 
U. P, 66800......00000.. | 20460 25800 15.19 81.0 15.8 80.2 
US ERM MOCLEE ace 17590 16700 15.62 85.7 15.8 79.8 
iveraxecse:. Saeeew i 260mm liee 25100 15.36 82.7 16.4 82.0 


The above shows a shrinkage, during the time of shipping, of 
1,540 pounds per carload, or 6 percent. In addition to this 
shrinkage, there was a still further deduction made for the “tare,” or 
the dirt on the beets, and improper trimming. After making both 
these allowances, the record stands as follows : 


Price 
Car. rie nd oon Net ee Purity. eee sugar 
weight. t ba } weight. beet. eer nee 
Olea Se PGE scaeineoasonaccotecn 29600 11.0 26344 17.1 84.8 | $4.75 4505 
ORS OcN GEST en ecmatensmiseircets 30000 7.0 27900 16.8 83.7 4.75 4687 
(Wig Pay ASE Te eur, rctcemeierorsetereneteten 30800 9.0 28028 16.9 80.8 4.75 4737 
Un Pain 6s Gi 2696 Le aetrcrceetiete 17700 5.0 15930 16.0 82.8 4.50 2549 
UP SR USS cadintp.cde amiecox 25800 13.0 22446 15.8 80.2 4.50 3547 
Ui Dire A LOOM eval cfelaipueenreteusectey etete 16700 10.0 15030 15.8 79.8 4.50 2375 
AVOLARC i ato\a sisi 'ehos.ciehaajsis scree [eee eer DONO i ors aeerents 16.4 82.0 | $4.62 
Motalscpieces< Dosen 150600 |........ 185678 | cas eee 22400 


No complete records were kept of yield per acre. There was 
some trouble about getting the cars for shipment, and owing to a 
shortage of cars there were so many beets that had been raised that 
were not shipped that it was impossible in several cases to tell the 
amount of land on which the part of the crop grew that was 
shipped. We have the records of about three-fourths of the beets, 
and the average of these is a trifle less than nineteen tons to the 
acre, gross weight, or, after taking out the tare, a little over seven- 
teen tons net per acre. This gives about 5,300 pounds of pure 
sugar per acre, or about 300 pounds more sugar per acre for these 
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crops at Loveland raised under field conditions, than is found as the 
average of the whole state for the crops grown in competition for 
the sugar beet prizes. 


This shipment of beets is one of the best ever made where the 
crop came from so many difterent farms, and shows conclusively 
that Colorado soil and climate are wonderfully adapted to the sugar 
beet. 


In this connection, it seems proper to add the records of some 
shipments of sugar beets made in 1893 and 1894 from Grand 
Junction and vicinity to the sugar factory at Lehi, Utah: 


Date of shipment. No. of cars. Sugar in beet. Purity. 
INGyAnl Ds el SOS .e...c oe ee 1 USE 84.0 
me OS so eee 1 16.2 84.0 
Uy So ee ee ae 1 15.0 84.0 
ICE ee ete RAEN Gino sac Ocncec ol 14.7 88.4 
Sra tate at eR ann Beco Hout 2 14.2 84.2 
Sorte fee eles cyan eae iff 12.6 78.5 
INVELASS OL SOVEMCATS iirc, fej. 2 ors) e1 2 21 14.7 83.7 


SUGAR BEETS AT GRAND JUNCTION, 


The bulletins of the Agricultural College contain nearly all of 
the analyses that have ever been made of Colorado sugar beets. In 
order to make the record complete, it is deemed best to insert here 
two sets of analyses made in the years 1893 and 1894 of beets 
raised in the valleys of the Grand and the Gunnison. 


The seed was furnished by the Utah Sugar company of Lehi, 
Utah, the samples of the beets were taken with the greatest care by 
men sent out for that special purpose, and the analyses were all 
made at the sugar factory at Lehi. The first table gives the results 
of the season of 1893: 
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First SAMPLING. SECOND SAMPLING. 
Name. sane Sugar ; Sugar : 

Date. bs sie Purity.|| Date. ps Purity. 

P, A. Rico. csscs.ss-s.scshessts | Apes) 20|| Sopt. 27| 13.0 | 75.5 Oc | SSO 74.6) 
Mv CULE wa sisi can olsaie yeeisrerelron vere y 20 Doh ier? 73.5 | PPI PAT 76.1 
IAC PA MIMI OR We slccfeevsiste sisti-ie'<steadete 4s 20 CSR ss (Ua 72.3 5S 2p imal aaL 81.3 
indian NChooUass-c-ciaees oe seieere ss ST ABreea| BAceIo A | Bood acs SS 7719|" 41620, 84.0 
INS Af; AKO Bo cono soneoosdon 6500 yh 22 a 271020 67.1 S25) Lied 70.9 
WAP Bra vies aeatre sree ara os 22 bas ey iM Ws 76.1 CE tee Waser! 85.0 
Eugene: AllisOniea: cise srenierteecrs Ue DSeilll 2 core aererst| eaveereatne’ | amrecsteletere St (ew G35) 81.3 
OvyideTarnill ieee scstececcsccaee be LON acoxare: aYese' oil Jere aletioetere|ietetotena eters ‘25! =13.8 718.2 
Weekie Bou kitts. on sence eetidse May 3 ay 20iea0 74.1 ||Nov. 4| 14.0 78.3 
Wee De Spencer ctnecoeeecieie st i 4 S27) 31 71.4 ||Oct. 31) 13.8 78.5 
Ns. Poffen ber geriiscaiesd oecesectieniee ss 8 ‘TOG 13.5 S16 ete 81.0 
as. J OHMS ON seer eciet vetmuteeeerteeete s 8 199). 67.5 25) 12.6 84.0 
Wierd SHOWOl ja. tim cisacieisslersiicise cere st 9 Sea OK 67.7 oN rath os Kapa 76.5 
DOSED SMIthin. oie corsets Hen meietectee t BARA caoclacealeagesaan ome S 83.9 

JohnmVaughWac-ce eceoceecsiecieciee se 10 SS 27 |e: TDL. Al licrorsaircte rey hamster loc eee 
MSS Mildrethiens cts). sisi ccsieme estes of UE ere eae atoled aieteyel tlarettstat sie SS NST 258 17.2 
Die Cop SOllivansssjstoienisctecrsaissicerise se 12; |) aisicrecs.2.< coll sevarensetal | eeeteneaeete SSN SU 223 72.2 
Bran k: Leach. 2..... ssc ccsismee aces = 15 et) aly 76.4 Ps EO 82.0 
Geos Davis. 5. cae euniee wear eae “2 LV Pal Werte Aaa 37 5b||acooooac ee Saale 76.3 
CHUN Cox vedeccecett deep tectee tee i. 23 S P27 1Oee 68.3 Sa kg2ol, toed 81.5 
Smithebrosarentcarsrjescntrir eee : DB ill i=l 53-01 srerete atts Urine eters S625] 16.1 83 7 
MrgAlimosi cs. o2asce ce ce scree oases $ 0) EME tric A wallaeraosec RSs Wai Ay 3 78.8 
Hivan kevRich ac secrecy oe eee eee | ae I) sea 2ii|i al Tne TOKO Pa] WA |) EELS 
Wi Ha Heniok \. cetccns seaamectuastee by 25 OO) 1S 11a) orc 1G eed 68.9 

JohbnePongh’, vate cccslecsttee core WY 26 SS A9) eo 715.8: allll-sisjctacercralesl-srere apseenal |tetarayereeiste 

POUR OCLO «feito s ois selon us cern stecies 30 BP TEL 71S willl Sehetareietatsll a stesepeerecel ee tetenstelaye 

De Az UAWLON(...01)c0iseuie eis Neeteeee be 30 27) 10.9 COA oi) sisvaxete/etey| ste cferereieyl earteletns 


During the month from the latter part of September to the last 
of October the beets improved about two per cent in sugar and nearly 
ten per cent in purity. The shipments of carload lots were not 
made until late in November, and the beets of those that shipped 
had made by that time a still farther gain of one per cent in sugar. 

The above crops represent all kinds of soil from one end of 
Grand valley to the other. 

This was the first season that these farmers had raised sugar 
beets, and the general tendency was to give too much water and too 
little cultivation. Some of the fields had one cultivation, a smaller 
number were cultivated twice, and most of them had no cultivation 
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at all. In only a few cases was the thinning done with any degree 
of care. 


In every case where the last analysis has shown a purity less 
than 80, the crop was irrigated from two io four times. 


The work was repeated in 1894, and as many of the growers 
had had the benefit of the previous year’s experience, the tests as a 
whole show an improvement. Only one set of samples was taken, 
and the results show that several of these were taken before the 
beets were ripe. 


ale Sugar eae Sugar 
Sample Number. oe ah Purity. Sample Number. ee bee. Purity, 
Detecomeenees temeit casas 6 16.0 84.4 ZA RSG Soothe anon aau0 6 16.1 85.0 
Ee am Rein cicicc sceiwintren 9 13.0 78.2 7) POPE aD BaiAbons OO8k 6 12.8 79.4 
Sie tee pole Sie? cisysia “sin <foiei 9 15.8 78.0 5 RAP BLcaco nore soe aod 4 12.2 73.1 
Bey ea waste Case's 6 12.5 72.0 MA Oa pO db0 BOScon noon CUAL 9 14.4 81.3 
Disetancisciccaisterisie Shictieinie: 5 | 16.8 86.2 DDicjers,a 1 W/e\ateins ateelatstersl setae 4 11.9 75.3 
Gite ten. ne ee. ceelnels. zc oh 4 ; 15.0 74.5 26 4 12.8 76.7 
iene tess 5 teats 4 14.2 78.8 USSD aRDIIG HBO Acab Gacoae 7 12.5 69.6 
Berea oases Ares ie. f 6 15.8 86.3 28 c/s xtdyoin re Storcte storersve alate 9 15.1 84.6 
ND eaamriets sine cs se vse 7 12.0 78.8 DD Fraialsi o.chalctaja ove metetaepeierare 4 13.3 81.4 
ive Ss ee Aen te A 4 17.5 87.4 DW cialotdisys oseieinysicicto steuererets 18 17.6 85.6 
MUG eae toce, estonia agers 3 16.0 83,3 Ble deins ss scvene waeemeree 7 13.9 81.6 
12.. 4 18.0 87.0 32 8 15.0 84.0 
13.. + 17.5 86.1 33 5 14.3 77.3 
TY Re hoc etn 8 17.0 86.2 BY Ame OMMISGOUROAaoahe 2 12.8 79.0 
LEY oho HAnonnooonCNOeende 4 14.7 82.9 SU DOROMCODOUUOAOOD Ha46 9 15.2 82.0 
1hi)e Ae Me eres ASeOPROeOCE 5 12.1 74,2 BG a vate inte ovoie cunrseare eienaeTs 4 12.6 74.3 
Lie 5 16.9 85.6 Bee caves es sede ees erseres 8 15.0 83.7 
BS Reece eines. 'wairinalaie 6 13.5 79.8 DO aa dye sro ale are eterctcepeeterares 1 15.7 84.6 
19: 5 14.6 81.5 BOW oes cre acnelaicanaieleieiens 11 14.5 83.1 
2 eetetenialstcoeiots/stelstae.s o.6'% vio | 15.0 82.9 


Several of these samples deserve special attention. Numbers 
2,18 and 34 grew very large beets, from four to six pounds weight 
each, and had an enormous weight per acre, and yet, although these 
beets are not so rich as some of the others they are above the stand- 
ard required by factories and would have brought a large return 
per acre. Numbers 27 and 28 came from the same field, the first 
from sandy soil and the other from heavy adobe soil. Number 39 
is also from sandy soil, while number 30 is from new land and 
heavy adobe. In both cases the sandy soil gives poorer beets than 
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the heavy soil. The same has been noted in northeastern Volorado, 
where the heavy soil, though harder to work, gives a better quality 
of beet. 


Numbers 1, 5, 10, and 17 had had previous experience in 
raising beets, and their crops averaged 16.8 sugar and 85.9 purity, 
showing that care and experience are all that are needed to raise 
the best of beets in the valley of the Grand. 


SUGAR BEET PRIZES. 


It was recognized in the spring of 1898, that the time had 
come when there should be a well organized effort to get the most 
exact information possible on the adaptation of the sugar beet to Col- 
orado soil and climate. Nearly all the estimates of previous beet 
crops in Colorado have been based on the yield from a hundred 
square feet of ground. It was recognized by all that this was too 
small a plot for commercial estimates. It had been adopted because 
the beet growers disliked to spend the large amount of time and 
trouble necessary to make exact experiments on a large scale. It 
was seen that some substantial inducement must be offered before 
it could be expected that better results could be obtained than those 
of former years. 


Acting on this idea, the Denver Chamber of Commerce offered 
$1,000 in cash prizes to those who grew the best crops of beets, these 
to be grown on a commercial scale, and each to cover 2,700 square 
feet of ground. The offer was conditioned on the appropriation of 
certain sums for the same purpose by the County Commissioners of 
each county. This was done by the County Commissioners of the 
following counties: Conejos, Costilla, Delta, Logan, Mesa, Otero and 
Weld. In Larimer county the money was subscribed by the busi- 
hess men of Loveland; in Fremont county by the Canon City 
Chamber of Commerce; while in Garfield county prizes were offered 


by be Denver and Rio Grande and by the Colorado Midland rail- 
roads. 


The following instructions were sent to those who desired to 
compete for these prizes: 
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COLORADO AGRICULTURAL COLLEGE. 


DIRECTIONS FOR HARVESTING THE CROP. 


The plot of beets selected to compete for the prizes must contain, as nearly 
as possible, one-sixteenth of an acre, and must be all in one continuous piece. 
Call in a neighbor to witness harvesting and certify to the weights and measures. 

Begin on one side and harvest every other row, but no row harvested should 
be an outside row, v. e., if the plat selected is on the outside of the field, begin 
with the second row and harvest every other row. 

Cut off the tops of the beets just at the base of the leaves, Shake the beets 
free from any loose dirt, and weigh the crop in this condition. This is the one 
referred to later as the “gross weight.” 

Throw the beets into a pile and roughly divide the pile in the middle, 
and again divide one of the halves in the middle, giving one-fourth of the origi- 
nal crop. Throw this fourth into a pile and treat it the same way, so that you 
have a fourth of a fourth, or about one-sixteenth of thecrop. Weigh this lot 
and record it as the “gross weight of one-sixteenth of crop.” Scrape these beets 
with a dull knife until they are free from dirt, fibrous roots and any stubs of 
leaves that may have been left on the crown. Weigh again and call this the “net 
weight of one-sixteenth of crop.” 

Count the number of beets in this last lot, and then select from it four to 
eight beets that together will weigh about eight pounds, and will be representa- 
tive of the crop, 7. e., select big, medium and little, good shaped and bad, so as to 
get a fair sample of the lot. Weigh these beets together very carefully, and 
record this as ‘‘weight of sample for analysis.” 

Wrap each of the beets separately in paper and then do them up in two 
packages, not to exceed four pounds in each package, sew each package up se- 
curely in cloth and attach the mailing tag, which will enable the package to be 
sent postage free. 

The harvesting, weighing and preparing the sample for analysis should 
all be done on the same day, and as quickly as possible to prevent drying-out. 

Three blanks are sent you; one to be filled out and enclosed in each package, 
and the other to be kept by you for your own information. 

Mail the sample for analysis as soon as possible after itisready. The re- 
ceipt of the sample for analysis will be acknowledged by return mail. 

Do not harvest the rest of the plot until you receive word that your sample 
and records are satisfactory. By this means it may be possible to correct mis- 
takes, if any have accidently been made. 


It will be seen from the instructions, that it was desired that the 
crops be harvested and sampled between October 15 and November 
1. In the case of Logan county, the crops were harvested the last 
week in September, so that they could be exhibited at the county 
fair. The crops were not then ripe and the results are much poorer, 
both in quantity and quality, than would have been obtained had 
the beets remained in the ground a month longer. At the request 
of the prasent writer, two of these fields were but partly harvested, 
and the rest of the beets were pulled the latter part of October, 
when the beets in the other counties were being harvested. In each 
case the beets tested in sugar more than three per cent higher than 
during September. 

It was desired that the contest be put as nearly as possible on 
a commercial basis, 7. ¢., the prizes be awarded to the crops in the 
order of their real value for sugar making purposes. It was neces- 
sary then, to take into account three things: The weight of the 
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crop, the amount of sugar in the crop, and the amount of sugar that 
could be gotten out in the factory. These items are given in the 
accompanying tables. The column headed “Gross weight of 
trimmed beets per acre,” gives the weight of the beets in the same 
condition as they would ordinarily be brought to a factory, 2. e., 
with the tons cut off, but no attempt made to remove the dirt that 
naturally sticks to the beet. Ata factory, a sample of the beets, 
usually about halfa bushel, is taken and cleaned and the calcula- 
tion made as to how much dirt there is in the whole load. 


The column headed “ Sugar in the beet,” represents the char- 
acter of the beet at the time it was analyzed. On the average, this 
was about three days after harvesting. During this time, of course, 
the beets had been drying out, which would tend to raise the per 
cent of sugar in the sample. The first two columns, therefore, 
represent the gross weight of beets and dirt together and the analysis 
of a partly dried sample, in both cases making the crops apparently 
better than they were. To offset this, the column headed, “ Pure 
sugar per acre,” is obtained by multiplying the other two together 
and deducting one-tifth for tare and drying out. Itis probable that 
this isa larger shrinkage than would have been made had these 
crops been sent to a sugar factory, but it is deemed best to make 
sufficient reduction so there could be no possible appearance of an 
attempt to exaggerate Colorado’s sugar beet crops. The figures. 
even after the 20 per cent reduction, show magnificent crops, and 
still more so that we can look at them as a slight underestimate. 


The column headed “ Purity,” is the measure of the factory 
value of the sugar thatis in the beet. Ifa lot of beets test 80 
purity, it means that for every 80 pounds of pure sugar they con- 
tain, they also have 20 pounds of impurities that are not sugar. 
These impurities prevent the factory from saving all the pure 
sugar, and the greater the amount of impurity the greater the 
amount of pure sugar that will be lost in the process of manufac- 
ture. The “pure sugar per acre,” multiplied by the “ purity” will 
give the “ available sugar per acre,” or the approximate amount of 
sugar that would have been produced from the crops in an ordinary 
factory. It is considered that this measures the true sugar value of 
the crop, and it is on the figures of this column that the order of 
excellence of the various crops is based. 

In the table of averages by counties, another column is intro- 
duced headed “ Factory value per acre.” It is obtained by deduct- 
ing ten per cent tare from the gross weight of the crop and mullti- 
plying the remainder by the price paid during 1898 by factories 
where the price is varied according to the quality of the beets. The 
prices used are : 


$3.75 per ton for beets testing less than 14.4 sugar and less than 
78 purity. 
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$4.00 per ton for the same sugar and more than 78 purity. 
$4.25 per ton for tests from 14.5 to 15.4 sugar. 
15.5 to 16.4 
erih. — « & 6 of 16.5-sugar or higher. 


$4.50 “c Ts “ “ “ 
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CONEJOS COUNTY. 
Gross " 
Date of pea: Suear ao SES 
Name and Place. oa ee . in Purity. “per ie te 
crop. per : Lh Fy, acre. 
Tone. ree 
Ohase Milne Ea (Sarat... ss. cscacs seeeceniceaet Nov. 7 | 28.16 | 17.65 79.8 7952 6436 
WoM. Martin) Alamosa ....5 26/55 <5\steh ce siest's Oct. 29 | 24.57 | 16.96 86.8 6684 5802 
Werks bratden, Tad ara.c. 2... o5.....10eeeecwe ss #10) | 20.05. 4-10.45 72.2 3673 2803 
DBO Neweomb, La Sara ...2..2 0252s es * 12 | 12.80 | 15.65 80.1 3205 2563 
SP arishe AlAmOsas i. . vice. cs «5 cia akemaarceas * 16 | 12.06 | 16.64 80.5 3174 2554 
Swtrnniieaee, ba Varan:. cs. sostecvtedee ‘ bas oe ersoeners 18.91 B44 Tiles ea Ree eyecare 
mW DOVE HOA LAINORES os «5505 U6 oo ce towerenaeerellllvake slow owe 13.19 FEUOM. | Selctatecieeilerevecraie 
Mrs= NA. Broyles; Antonito. <2... .!.. seniors BOs 9p ise Pesaedoe 11.97 70: G1. eee ret sctee 
VOPHZOR Uo. ook fons cantetene neem socks 2k |) 19:53) 15.67 80.0 4689 8741 
COSTILLA COUNTY. 
GWE Sa Were AIAIM OSE. .< . srayoc'0 0c. Segoe dienes Oct. 22 | 12.29 | 15.30 86.6 3008 2605 
A. McKinnon, Alamosa ............. cls 7.26 | 12.54 83.8 1457 1213 
Peter begard, Alamosa... .2-< .2seeetanesee +20 
Nee. Morgan. Hooper .t..2.sscnceseden ce. NOV. 007 |tete we ce 
eaWer Maddux, Moseacno.s:sccseeettaee |LOCt. 150 |e. cate 
WaterDouglas, MOSCA s.cs.0. e<ercnicsleneet ies © 18 | 22.60 
IRV OLAR Or scecteare ucemav ees reise Hemera Oct. 22 | 14.05 | 15.42 84.3 3093 2607 
DELTA COUNTY. 
G. H. Hammond, Hotchkiss ..............-.+ Oct. 22 | 38.51 | 17.34 77.4 | 10962 0485 
Martini@ade, Deélta.-...cjcaescescsemectancae® « 17 | 20.57 | 15.91 89.5 5236 | 4686 F 
G, W. Umbrell, Delta ............. eee eet oot “ 31 | 21.78 | 14.68 | 80.9 | 5116 | 4189 
I. §. Hewitt, Delta............. ae ae « 49 | 19.96 | 12.87 | 71.0 | 4118 | 2924 
Day Mig rawr DOL 50:15 pots toons sete semen sess. <s + 19) 10.879 3.40) 76.5 2331 1783 
Gharles A. Barnes, Deltaci. cen .ccaccese cons oS 9 t28 es hacetersst 15.44 83:9 
INV OLB Ole cas vais alesse asain sjerasrere Oct. 23 | 22.54 | 14.74 80.0 5301 4241 


ae 


FREMONT COUNTY. 


oe Avail 
D ; Pure <q 
Name and Place. harvest trim’ed a Purity ber sur 
crop. gore bee pee 
B. F. Rockafellow, Canon City ..... ........ Oct. 21 | 30.05 | 18.05 86.8 8678 1533 
William Curtis, Canon City.................. se 29 | 29.18 | 16.63 86.9 7766 6748 
L, K. Mortimer, Canon City... .......0. 000 <s Nov. 2 | 26.35 | 17.96 83.5 7589 6337 
Charles Kaess, Cotopaxi............se.eee eee Oct. 24 | 29.40 | 16.63 79.6 7822 6226 
Gi EY Murray, Howard is. cscs 0cenccdeceeere cee *© 15 | 29.80 | 15.33 84.3 7310 6162 
WA) Damm, Canon City 2-...-0cs.clessee ct ie- “28 | 21.38 | 18.05 82.0 6160 5051 
Joel Marray sHOward: ince norte -winceetese sels + 15 | 29.52 | 13.63 79.4 6444 5117 
John Ripley, Canon City.............-s+e +++ “© 27 | 21.90 | 16.96 80.3 5942 4772 
H. 'T. Gravestock, Canon City.............. 20 | 14.50 | 16.48 90.7 3831 3475 
ES: Armstrong; Hillside... .--een => 2-6 12 | 16.13 | 15.68 17.7 4046 8116 
C. H. Gravestock, Canon City..... of D281 oe sous | eLOsO0 84.8 2569 2178 
ESV Kimmel): Canon: Citya.at cocoate n° Sos. 200 eens 18.05 93:5: il-wace sacl Sarees 
Phil Sberiden, Canon City................... * ASaleee tose 19.10 BIS, |i cenieccre ll oetyee® 
B. F. Rockafellow, Canon City .............. BF QON See eae 18.24 81.80 )scasrcamell Wanetosios 
Oe Brown. Canon Oityceiisceteieneiset 14°42 81:3 akon leet eaters 
ASG; Haggart, Canon’ (City.......casdteteenees Stet QON I eens 12.06 OTT asec on eee 
Avorage S.it-...vcseae aise ew eos Oct. 23 | 23.36 | 16.87 | 84.1 | 6226 | 5236 
GARFIELD COUNTY. 
Cad: Harris, (Catherin.4...cscste ss settee: Oot. 29 | 37.98 | 17.20 80.1 | 10458 8397 
D. G. Edgerton, Carbondale.................. 18 | 14.91 17.34 91.8 4113 3776 
Jesse Kerlee, Parachute ................22000+ +9 195) O57 7 105.68 88.0 2702 2378 
Charles H. Miller, Antlers.................2-. bie Wiel bs We 79.4 2774 2208 
WorCbarker, New Castlets.c.«.ac¢encermenen serine een reais 17.39 82.9 
CaM Kulison, Parachute; ..ccsscceetecicen| treemeeen taeeeeee 15.89 82220) |e aaiaslsicllenamectes 
airy PBrentont. Rifles sis. 1c,<e clos ee eee | Ree 15.91 SS.Gir il acemiese lee rreeees 
F.W. Mallory,, New Castlo.o. sik. cts cnet sets is Rel rare 15.96 UISaB Ar Acasa aeicesn o< 
HB, E. Westhafer, Satank ...........c.seces5e | "18 [esos eves 15201 [808.9 o) Ssctraleeeeees 
Beyal:;Poebles;|Satanke 5.5.6..s.,. s:cess AOeee Meee 16.29 | 78.8 |... aoe 
Average +}...esseeesseeeseesscsseessesses | Oct, 21 18.96 | 1612 | 84.8 | 4001 | 4153 
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LARIMER COUNTY. 


Gross 4 
Potened of vot a Sugar ue ble ; 
Name and Place. refill So sa Purity. iter Sate 
crop. per ‘ Lbs * | acre. 
fons imac 
oom: Naylor; boveland..% =... 20.0: Sece- sks Oct. 23 | 36.26 | 16.58 79.3 9590 7589 
I. W. Clapper, ie reptictcocosoc: Her: Nov. 1 | 31.60 | 18.58 80.4 9369 1533 
C. C. Smith, BS esaeeditecguamee eens cet Oct. 27 | 33.01 | 14.73 79.0 7781 6147 
F. G. Bartholf, So ene weir cn seemiemee aoa * 31 (| 28.72 | 15.68 85.3 7205 6142 
Aifred Wild, al inte stetiitetatbiacatemeveatcer eaters “27 | 31.50 | 15.25 80.7 7606 6138 
Alvin Shields, a aisetee ens s\aenaen oo “© 29 | 27.47 | 17.48 79.7 7490 5970 
Harvey Skinner, © 8" =... oSodeccs cscs tecesere 27. 122480) fabeeso: 85.3 6896 5882 
R. O. Joslyn, SO Geadiiee dsinsweteerneen eas © 27 «|: 14.10 | 18.05 84.8 4072 3453 
BR. 8. Cox, Roe ica Bese des eae “© 27 «| 21.05 | 13.40 75.7 4513 3416 
P. C. Benson, y « 31 | 10.72 | 19.05 86.0 3267 2810 
N.R. Faulkner, “ 22 | 19.35 | 12.07 74.0 3456 2765 
“EE po ee tee Oct. 28 | 25.32 | 15.69 | 80.9 | 6356 | 5001 
LOGAN COUNTY. 
Fred Bernhard, Sterling.........-...--000+.++ Sept. 26 | 34.15 | 13.40 | 72.7 | 7322 | 5323 
Wie-Go Propet, Merino i525 iss «ce vcce'sieciceors sie “6 25 «| 24,50 | 14.72 16.2 5771 4397 
ppb PAUSE, (SLOTLNS \aoiverse oisices oisjoissssisieteisiar= ‘* 27 «| 21.50 | 14.50 83.7 4988 4175 
Jee King “Sterling. onic. ccsny cites <aeeriee © 27 | 18.10 | 18.30 79.1 3852 3047 
Ge p, prownell, Vill. .cccics02c0s sce ster oes * 26 | 14.60 | 14.72 80.0 3438 2750 
Gat. ©. Woplman, Sterling. <<... s.s...-- “27 | 12.50 | 14.80 72.4 2860 2071 
C. E. Harter, Pe me Pie xruhasay S(ocady Mtoe ge. 59 ee ey) 9.50 | 15.33 78.8 2331 1837 
T. A. Whiteley, Se!) Sic t7e sis alone seers eis 3) 7.65 | 14.15 71.5 1730 1239 
James Weir, emer ernment Ours “26 14.49 718.2 
M. V. Propst, ON AOR DAN CeO nar O6 14.25 78.8 
John Landrom, Poh Wi ales elenelelotafes a staan sis Oct. 1 14.10 79.2 
R. C. Perkins, eee er erare re rene Sept. 27 13.30 79.1 
H. C. Hatch, = ca 26 12.63 73.8 
IAVOYVERO) vs « <ieicin. beciernselsls dnrere Sept. 27 | 17.8 14.09 iro: 4013 8102 
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MESA COUNTY. 


re Pure | Avail- 
are of of q| Sugar ; auger ape 
Name and Place. ae ihe ee gor Purity. Ae Beas 
oe sere. Lbs. | Tbs. 
Fred Burmeister, Grand Junction........... Oct. 1 | 36.0 17.10 86.3 9850 8491 
J.D. Payne, Grand Jnnction.....--.:.-..... Nov. 23 | 29.3 16.57 76.0 7768 5904 
Adam, May** Debeque!i: -...20 a4. o<- amcor a sree $0 14 122-0) 16.41 17.3 5776 4465 
Wks Sterling, (Collbran’. aa i.ceeseeeeel tae Oct. 26 | 21.0 14.30 88.2 4805 4234 
Joseph Dietz, Fruitat.. 5. cc-s-/sa- eee mst sor 529. |e20 13.54 71 6 5850 4183 
J ME Veachwiraitatns.js.cesacds sesueeeeeee aes i wir 3) ab Weg 19.81 85.4 3878 3313 
E. B. Bonne], Grand Junction............... 25 | 2802 11.40 68.2 4241 2932 
C. ¥V. Wasson, Grand Junction .............. Nov. 5 | 11.6 16.15 15.8 3019 2289 
G.N. Patterick, Grand Junction............ Oe er Geos 11.88 7227 3142 2284 
SAMs Cox mb ruaita tare 1tekiclt-a- seattle erster= Oct. 29 15.16 77.0 
Hess Groves; Eruitar...-acre. + see eeeste cei Bo ea) 14.16 78.4 coer 
Lee D. Wilson, Grand Junction ...........-- Nov. 21 | 11.7 < A 
AVEPAEO ..0.c..c0.cleseseseceetsossss eee] Nov, 2—[-20:0° [5:22 | 97,0 | puta 20et 
OTERO COUNTY. 
JeaWirkuble, Rocky, Hord.s.cteieeeeee nore Oct. 25 | 31.40 | 18.19 86.2 9138 7877 
Jb bollock, Lat) untanjania seater peice Nov. 7 | 38.52 | 18.01 Then 9652 7500 
Ba Wyekotl, hocky Mord reer Oct. 25 | 28.21 | 14.16 78.3 5259 4108 
Albert Conner, Rocky Ford................-- S27 | QR FOr 10283 72.8 4800 8494 
Casa Mekinleyse howler. aco eeneee ae etes BE OX ae) 16.06 84.7 3411 2889 
iredidJanrow. Howler s.1.2e.cteeaeene oS) 29) |) 18007) 1380 73.6 3906 2875 
Richard Mason, Higbee .-.4.-oen ee eeee eee “© 20 | 10.70 | 15.20 78.3 2603 2048 
CAN y Heath, Ua suntan. mee. merece tee 0526 15.39 16.8 
C2 Wi. Rackman, lua Junta. ....20..eteeeneees PAH) 14.96 83.3 
NEFA Gordon, sla; Juntaree eee eee Sy 20 15.34 16.8 
Marten Sorensen, Fuwler.............0.02 000: By aly 15.39 13.4 
AV OTARO «/oes.cveks +i dante (oh Co “Oct. 26 | 22.50 | 15.14 | 79.8 | 5474 | 4879 
WELD COUNTY. 
Leonard Burch, New Windsor................ Oct. 25 | 17.17 | 17.10 83.5 4699 3924 
Newton Clegg, Greeley .................---... seueade | de. 20) = |-d6xeo 78.1 8172 2477 
Martin Nelson, Greeley................00+-0-+ * 18 | 12.58 | 15.68 74 2 3154 2340 
Fritz Niemeyer, Evans ................... 000. samo 14 54 82.4 
OSH Mason, ;Greeleyss.s.7, aeeee ee nee 13 14.44 81.2 
AVOTARO tiiivcrenk vines spear nee “Oct. 23 "13.98 15.89 79.8 3562 2850 
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AVERAGE RESULTS BY COUNTIES. 


Gross 
weight Avail- 

Date of | of Pure |¥,able Fac- 
“ harvert- |trim’ed| Sugar sugar | sugar | tory 
County. ing of beets in Purity.) per per value 
crop. per beet. acre. | acre. per 
acre. Lbs. Lbs. | acre. 

Tons. 
CWORGIOS see cats cceee er ee en Ou el. 1O. BS 15.67 80.0 46.89 8741 $ 79.11 
(CORES Lk yr ae aie peer ae aN reo “© 20 | 14.05 | 15.42 84.3 | 30.93 2607 56.92 
EVEL DSR ebseaitene cache arece aja se oes: sisve(ars Sule AGO “623 | 22.54 14.74 80.0 53.01 4241 86 23 
EinGMOH 6 henten ox csccotiele su cate slslemien aaeeees Seon 20.30: LO.) 84.1 6226 5236 99.75 
(Sei Fel 1S Neg One Ae er ROR CS re ss 21 | 18.96 16.12 84.8 4901 4155 76.98 
SAP RIMN ON erate ce, 2 si Sates sichaie vine ciate eonslcucn-eeeee 28 | 25.32 15.52 80.2 6278 5023 102.56 
NORE ee arcs l cise emis 6 dds s3> anrerorearse easel MOD baie? ese 14.09 Ti3 4013 3102 64.00 
WNP GRE Eaten cscs sie srasinicte 8h coisas POEM NOV ee e0sge) |) LO.ae 71.9 5114 3984 79.90 
GREE OWE e ioe aa on so-ce alvice tideies ales ACEO CL oO Weel Do 15.14 79.8 5474 4374 86.40 
WOlceet ete: cde esat sooty cm OCbe esa) 15. 96 15.89 79.8 3562 2850 56.70 
VOERRO Rae decee Anecsad os cir WOCooS | 19.90 15.47 80.8 4950 4000 |$ 76.07 


In considering the foregoing tables, one is struck at once with 
the high average excellence of the sugar beets of Colorado as re- 
gards both quantity and quality. In the districts of the United 
States, where beets are raised for factories, 12 per cent of sugar and 
78 purity are considered standards, and one who has raised ten to 
thirteen tons of beets to the acre is thought to have done well. A 
fair estimate of the cost of raising sugar beets is $30 per acre, while 
the above table gives $76.07 as the average factory value for the 
whole state. The difference of $46.07 profit per acre will compare 
well with any other kind of farming practiced in Colorado, not 
even excepting the famed cantaloupes of the Arkansas valley, the 
orchards of the western slope, or the lambs of the northern feeding 
districts. 

In concluding this portion of the subject, it is fitting that grate- 
ful appreciation should be expressed of the aid that the Denver 
Chamber of Commerce has given in this work. The above tables 
present the largest amount of the most reliable reports that have 
ever been collected concerning Colorado sugar beets, and their col- 
lection was made possible, only through the generosity and public 
spirit shown in offering the sugar beet prizes., 


THE STATE AGRICULTURAL COLLEGE. 


THE AGRICULTURAL EXPERIMENT STATION. 


BULLETIN NO.'52. 
I. Pasturing Sheep on Alfalfa. 
Il. Raising Early Lambs. 


—— + ao 


Approved oy the Station Council, 
ALSTON ELLIS, President, 


FORT COPViINS, COLORADG: 


APRIL, 1899. 


Bulletins will be sent to all residents of Colorado, interested in any branch of 
Agriculture, free of charge. Non-residents, upon application, can secure copies not 
needed for distribution within the State, The editors of newspapers to whom the 
Station pubications are sent are respectfully requested to make mention of the 
same in their columns. Address all communications to the 
DIRECTOR OF THE EXPERIMENT STATION, 
Fort Collins, Colorado, 


ae 
ET SEES ELIT ALI I NE TOSSED SOL EE ATES BM OEE OE 
EXPRESS, FORT COLLINS 


THE AGRICULTURAL EXPERIMENT STATION. 


FORT COLLINS, COLORADO. 


THE STATE BOARD OF AGRICULTURE. 


HON. JAMES L. CHATFIELD, - - - .- Gypsum, - - 1901 
HON. A. LINDSLEY KELLOGG, - - - - RockyFord, - 1901 
HON. B. F. ROUKAFELLOW, i) $2 URE Canon City, eee 
MRS. ELIZA F.ROUTT, - - - - -_ - Denver, 1903 
HON-JOHN JORYAN’ “oes = - |. (292) ” "ort Collie ameumions 
HON PO RESHARP. | < >=) 5 .-  - 2) “etPuchio gee asmeeenens 
HON. HARLAN THOMAS, : - - - * Denver, - - 1907 
HON, P.A.AMISS,  - -) "Sey gee Pradenk a eee oan 
GOVERNOR CHARLES S. THOMAS, . 

PRESIDENT ALSTON ELLIS, | conn 


EXECUTIVE COMMITTEE IN CHARGE. 


A. L. KELLOGG, Cuairman. ALSTON ELLIS, JOHN J. RYAN, 
P. F. SHARP, B. F, ROCKAFELLOW. 


STATION COUNCIL. 


ALSTON ELLIS, A. M., Pu. D., LL. D., = - PRESIDENT AND DIRECTOR 
L. G. CARPENTER, M.S.,_ - MerrroroLuocist AND IRRIGATION ENGINEER 
C. S. CRANDALL, M. S., - - - - HorvTIcuLTuRIST AND BorTanistT 
C. P, GILLETTEH, M.S.,_ - - - - e - 2 - ENTOMOLOGIST 
WELLS W. COOKH, B.S., A. M., - = - - - - AGRICULTURIST 
WILLIAM P. HEADDEN, A. M., Pu. D., : 3 - - 2 CHEMIST 
J. EK. DuBOIS, - = - SECRETARY 


FRANK H. THOMPSON, B. S., SrenoGRaPHER. 


ASSISTANTS. 


ROBERT E. TRIMBLE, B.S., - Merreoronocist anp [IRRIGATION ENGINEER 
PRANK L. WATROUS, -— - : = s 3 3 


AGRICULTURIST 
LOUIS A. TEST, B. M. E., A. C., - CHEMIST 
ELMER D. BALL, B. S., ENTOMOLOGIST 
SUB-STATIONS. 
HARVEY H. GRIFFIN, B. S., : SUPERINTENDENT 
Arkansas ae Station, peeks Ford, fees 
J. KH. PAYNE, M. S8., - - SUPERINTENDENT 


Rain-Belt Station, Cheyenne Wells, Colorado. 


I. PASTURING SHEEP ON ALFALFA. 


BY W. W. COOKE. 


The high price of sheep and lambs during the years 
since 1896 has turned the attention of sheep feeders to the 
question of raising the lambs they feed, in place of depend- 
ing on the ranges of the south and west. The summer feed 
for the sheep, where there is no range, is the most difficult 
problem attending the raising of sheep on the ranches. It 
has been generally recognized that if it was as safe to 
pasture sheep on alfalfa as it is to let horses run on the same 
feed, there would be but little difficulty in raising lambs on 
any of the farms of the irrigated districts of Colorado. Many 
have tried pasturing sheep and lambs on alfalfa, but so many 
sheep have been lost by bloat that most herders have 
dropped the practice and others have been deterred from 
attempting it. 

The high price of sheep has again awakened interest in 
the subject and led tothe following experiments and investi- 
gation: 

In the early fall of 1897 we bought eleven ewes for the 
purpose of making a double test, z.¢., the raising of early 
lambs and the pasturing of these lambs and the ewes on 
alfalfa during the summer of 1898. The ewes were mixed 
Shropshire and Merino, weighing about ninety pounds 
apiece. They were old ewes that had still fairly good teeth, 
but were so old that it was expected that the 1898 lamb 
would be the last one raised. They reached the college 
farm October 29, 1897, and were bred as soon as possible to 
the fine registered Shropshire ram Bennett's Prince, No. 
87674, that stands at the head of the college flock. The 
eleven ewes dropped eleven lambs, most of them within a 
week after March 4, 1898. Through the winter the ewes 
were fed alfalfa hay. They received a small amount of en- 
silage during part of the winter, but in figuring on the finan- 
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cial side of the transaction this has been counted at its equiva- 
lent feeding value in alfalfa. Assoon as the lambs were 
dropped, some grain was added to the feed and both ewes 
and lambs were turned on to alfalfa April 20. At this time 
the young alfalfa was barely showing green and the feeding 
of alfalfa hay and grain was continued until the green al- 
falfa was about four inches high. At first they were given 
the run of a field containing about three-fourths of an acre 
of fairly good alfalfa and half an acre of poor alfalfa, which 
was considered equal to an acre of medium alfalfa. The 
season proved very dry and as the field could not be irri- 
gated the alfalfa did not make enough growth to supply 
them all the food they needed. About the middle of June 
they were given access to a second field of two acres of 
alfalfa. Even with the aid of several pigs they could not 
keep up with both fields, and one cutting of the alfalfa was. 
made for hay. It was estimated that the total green alfalfa 
eaten by the sheep and lambs was about equivalent to an 
acre and a half of good alfalfa that would cut from three to 
four tons of alfalfa hay to the acre during the whole season. 
The sheep were shut up at night in asmall corral to keep 
them away from dogs and coyotes. During all the summer 
they were fed half a pound of bran per day per head, of 
both-sheep and lambs. On June 12 one of the ewes died of 
bloat and on June 20 one of the lambs followed its example, 
leaving us ten ewes and ten lambs. 

The ewes were sheared April 29, yielding 54 pounds of 
wool from the ten ewes, showing that they were rather light 
fleeced sheep. ; 

The experiment closed September 6, at which time the 
ewes weighed an average of 103 pounds and the lambs an 
average of 94 pounds. We sold the ewes for $3.50 per head. 
If we could have had the lambs in Chicago at that time . 
they would have sold for $6.00 per head, but we had too 
few to make a shipment and so they are counted .at their 
value in the Colorado market, z. ¢., $4.00 per head. Thus 


the whole experiment was closed up in a few days over ten 
months. 


SUMMARY.—Expenses, 


Todt ewes @ S25 emis J... see $27.50 
Service of rainy eee 2.50 
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Receipts. 
54 pounds wool, less cost of shearing....$ 7.00 
BEE MCSN ONO eres Sy ae <i. oe ea ae 35.00 
SS ET ECS Cy 2. 60 gt a eR ea 40.00 
GIRS ou isa 2.0 2078) Sea a ee $82.00 
58.80 
IDES etl tienaiy..0 x4. sd eer ee $23.20 


The above amount, $23.20, represents the return for the 
labor of caring for the sheep and for the acre and a half of 
alfalfa pasture. If the estimate is made that it costs thirty 
cents per head to look after sheep through the winter,which 
is a close approximation where many sheep are kept, there 
remain $20.00 as the return for the alfalfa from one and a 
half acres of ground. This is more than four dollars a ton 
for alfalfa in the field, with the sheep doing all the haying, 
or more than five dollars a ton for the hay in the stack. 
These results also include the estimating the hay eaten dur- 
ing the winter at four dollars per ton. 

It should be remembered that these are the financial 
results, notwithstanding a nine per cent. loss from bloat on 
both the ewes and the lambs. While it may be that less 
than nine per cent. loss cannot be safely estimated on the 
ewes, it is seldom that a lamb bloats on alfalfa pasture and 
it would be safe to expect no loss from this source. 

It is a fair question whether we received an extra growth 
and corresponding return for the grain fed during the sum- 
mer. This cannot be told, as we had no check lot not 
receiving grain. Other sheepmen in Colorado: who pasture 
sheep on alfalfa are not in the habit of feeding grain after the 
alfalfa gets in good growth. But onthe other hand theydo 
not get so large a growth on their lambs as we did. The 
grain fed through the summer amounted to 7oo pounds, or 
$3.85 and it is probable, though not certain, that the lambs 
grew,the ro pounds each of live weight necessary to pay for 
the grain. 

The only other person in the vicinity of Fort Collins 
who pastured sheep on alfalfa during the season of 1898 is 
C. W. Trimble. He pastured 4o ewes and 4o lambs on two 
acres of good alfalfa. They remained on the alfalfa day 
and night, rain and shine, all the season, except three times 
of four or five days each when the land was irrigated, then 
they were taken off and fed alfalfa hay. They had forty 
pounds of corn chop per day, z.¢., one pound a day for a ewe 
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and her lamb. None were lost by bloat of either ewes or 
lambs. After the third crop of alfalfa was cut the ewes and 
lambs were turned on the stubble to eat the fourth crop. 
The lambs were taken up in the latter part of September to 
feed for market. They weighed then about 65 pounds per 
head. The ewes remained in the fields until late. The 
same ewes are being kept for a repetition of the;test in 1899. 


PASTURING ALFALFA IN THE ARKANSAS 
VALLEY. 


More attempts have been made in the Arkansas valley 
to pasture sheep on alfalfa than in any other part of Colo- 
rado. Some years when the feed on the range has been 
poor quite a large number of sheep have been pastured part 
of the season on alfalfa, but during the summer of 1808, the 
range grass was very abundant and nearly everybody turned 
the sheep and lambs on the range. The center of the sheep 
industry in the Arkansas valley is the counties of Otero, 
Bent and Prowers. Statements were obtained from those 
who had had the most experience in pasturing sheep on 
alfalfa and they are given herewith as showing what diverse 
results have been obtained and how various the opinions 
now held by those most familiar with the subject. 


W. E. DOYLE, Pueblo. 


We tried raising lambs on alfalfa pasture during the 
spring of 1898 and got along very well for the first two or 
three weeks while the pasture was short. But just as soon 
as the alfalfa got to growing faster than the sheep could eat 
it down close, they began to bloat, and before I gave it up I 
had lost about sixty head of fine Shropshire ewes and 
several lambs. I tried every precaution I knew of, such as 
not turning out until late in the morning, having them well 
filled with hay and grain, but it seemed to make no differ- 
ence. Some days there would be no losses; then would 
come a day when a dozen would die after they had been 
grazing four or five hours. 

y opinion is that if one had a dog and coyote proof 
fence around the pasture and kept the sheep on night and 
day and kept the alfalfa picked down close until they got 
accustomed to it, the loss would not be so large. 

However, from what I have been able to learn from 
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those who have had more experience than myself, they 
suffer from 15 to 25 per cent. loss, which at the present high 
price of ewes is rather expensive. 


WM.and H. G. GREENE, Olney. 


Our late lambs began to come about the tenth of April, 
and both in 1897 and in 1808 we lambed them on alfalfa. 
We put the ewes on the alfalfa before it started and kept 
them there until we were through lambing. We yarded 
them at night. Until the alfalfa got well grown we fed them 
hay.. When feed began to get plenty, they would bloat 
more or less, but we never lost a sheep. 

The first season after the lambs were a few days old we 
tried returning the ewes to the alfalfa. But we could not 
make it work. The ewes would bloat and die, if they were 
only on for a short time, even fifteen to twenty minutes, 
Last year we did not try to return the ewes to the alfalfa 
after they came in, but took them to the prairie which was 
good feed. By runningthe dropping band on alfalfa, the 
ewes have plenty of milk and are in good condition. We 
expect to run the dropping band in 1899 thesame way. We 
have fine lambs and expect to get nearly one hundred per 
cent. increase. We have tried other ways of running sheep 
on alfalfa but cannot make a success of it. 


D,. C. ROBERTS, Ordway. 


My experience in pasturing alfalfa with sheep is on 
rather a small scale. Among my sheep that I was fatten- 
ing during the spring of 1898, were eight ewes that dropped 
lambs in April—fifteen lambs from the eight ewes—while 
on dry feed in the corral. When I sold my sheep in May, 
these ewes and lambs were turned loose in the alfalfa fields, 
twenty-three head in all. They roamed over the farm at 
their own will, seldom coming near the barn. In September 
I put them in the corral again and found there were twenty- 
three head still. On September 10, several of the larger 
~ lambs weighed 80 to 90 pounds. They were on the green 
alfalfa through wet and dry and apparently never bloated. 


S.McCARTA, Manzanola, 
In October 1896, 1 bought my first bunch of sheep. I 
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got them home about two o'clock in the afternoon, turned 
them into an alfalfa field, went on to the house and paid no 
attention to them except to look from the house and see if 
they were still in the field. About sundown I turned them 
into the corral. I thought they looked full, but never 
thought of bloat, as the party from whom I bought them 
assured me there was no danger in pasturing on alfalfa. 
The next morning I turned them into the same field, and 
continued this practice as long as there was anything in the 
field to eat, in fact nearly all winter. The alfalfa was nearly 
a foot high when I turned them in and they were very 
hungry, for I had driven them thirty miles during the day 
and a half, and they had had little to eat or drink. ‘This 
was my first experience in pasturing sheep on alfalfa and I 
never lost a single one. By the fall of 1897 1 had received 
the advice from all the know-alls in the sheep business. I 
was warned never to let the sheep on to the alfalfa unless 
they were well filled up with feed and water, also especially 
never to turn sheep on alfalfa early in the morning. 

I adhered to both of these rules until I lost about forty- 
five ewes. The last loss was sixteen in less time than it 
takes to write it. They came off of a hill pasture where 
they had been all day. This was at four o'clock in the 
afternoon. Before half-past four they were tumbling in 
every direction. 

The next morning early I opened the gate from the 
corral and let them into the alfalfa field. Then I told my 
man not to go near them and I went away for the day, and 
at night they wereall right with not a single loss. After 
that I continued to shut them up late at night and turn them 
out early and lost no more from that bunch. 

A few weeks later I bought another bunch of 600 ewes. 
I filled them up well on hay and corn for about a week. 
Then about the middle of one afternoon I turned them into 
the alfalfa. In half an hour I had lost nine head. The 
next morning I turned them out at daylight and lost no 
more. In all these cases there was plenty of water in all 
the fields. 

_ Inthe spring of 1898 I had about 900 ewes to lamb. 
Five hundred of them were in one bunch ina corral at one » 
corner of a fifty acre alfalfa field. Early in the morning we 
opened the corral gate and filled the racks with hay so that 
the sheep could roam over the field or stay and eat hay if 
they preferred. This was begun before the alfalfa started. 
It was kept up until the middle of May by which time the 
alfalfa was a foot high. Then as we needed the alfalfa for 
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hay we turned the sheep on the range. In all this time we 
lost only one sheep and it is not sure that this one died of 
bloat. We were very careful not to drive or bother this 
bunch of sheep. When they had all gathered in the corral 
at night the gate was closed and opened again very early in 
the morning. 

The other 400 ewes had no alfalfa field so convenient to 
their night corral and they had to be both driven and 
herded. We had almost daily losses with this bunch until 
finally we made some new fencing that allowed them to 
roam without herding and after that our losses ceased. 

In the light of these three season’s experience, it seems 
to methat ifa person wants to make a success of pasturing 
alfalfa and is so situated that he must corral the sheep at 
night, then this corral should be in the field where there will 
be no need ever to drive the sheep or worry them. 

In the fall of 1898 I took sheep off the cars and turned 
them at once into an alfalfa field that had been cut but once 
during the season and where the alfalfa was so high the 
sheep could hardly be seen. Yet there were no losses. 

In regard to the profit of. thus pasturing alfalfa; I have 
made a little money at it and I believe there is money in it 
for anyone who has sufficient land and capital so that he can 
arrange matters properly. 


W. B. BALDWIN, Fowler. 


We have had considerable experience in pasturing sheep 
on alfalfa. At first we lost quite a number, but finally found 
that the loss would be largely reduced if we left the sheep 
on the alfalfa day and night and kept the alfalfa large. We 
also found it best to have the sheep’s stomach empts; when 
put on alfalfa and then not take them out even if they do 
bloat. Our theory is that if the stomach is empty there will 
be room for a large amount of gas if they do bloat, and as 
soon as they begin bloating they will stop eating and but 
few will die. This theory is altogether different from the 
general opinion, but it is all right. Sheep must not change 
pasture. They must stay on the same pasture all summer 
if you wish to have success. Good alfalfa will keep about 
eight ewes and their lambs per acre. It should be irrigated 
often so asto keep the alfalfa from getting dry. If the al- 
falfa should get dry and you have to change the sheep to 
another field, you may expect losses. 

Shropshires are the hardiest sheep I have had on pas- 
ture or on range. 
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Lambs do not bloat on alfalfa pasture until they are old 
enough to wean. ‘ 

Alfalfa is certainly the best thing to lamb on for spring 
lambs. We are now (January 1899) having our first experi- 
ence in lambing ewes in the winter. We have 1100 ewes 
and so far have saved about ninety-five per cent. of the 
lambs. 


W. H. NEY, Fowler. 


The best way to guard against bloat in pasturing sheep 
on alfalfa is to feed the sheep well on any dry feed just be- 
fore turning them on the alfalfa and turn them in while full 
and leave them there night and day. By this method the 
losses will be light and success assured. Alfalfa pasture has 
great fattening qualities and early lembs having the run of 
alfalfa fields during the summer months will make much 
heavier gains than lambs running on the open range and 
depending on native grass. We could show lambs the fall 
of 1898 that were fit for any market and had tasted no grain 
since the last April. Sheep that run on alfalfa need little 
or no grain to fit them for market and this makes quite a 
Saving. 

The Arkansas valley is well adapted to sheep farming. 
Hay is cheap for winter feeding and the necessary grain can 
be raised here as cheaply as anywhere. For either breed- 
ing or fattening sheep I know of no place to equal the Ar- 
kansas Valley. 


J. W. BROWN, Rocky Ford. 


This is our first year of pasturing sheep onalfalfa. We 
pastured 500 ewes and their lambs on alfalfa for two months 
and then turned them on the range. We did not lose any 
by bloat. We did not move the sheep off the alfalfa when 
we irrigated. We have a large breed of sheep, the French 
Merinos, the ewes weighing from 140 to 200 pounds. We 
lamb early, feed for awhile in the corrals and this year we 
pastured on alfalfa for two months. This gives both the 
ewes and the lambs a good start and they do well on the 
range. We expect our lambs to weigh 90 pounds the first 
of October. Alfalfats allrient; for shecomme 


T. N. ORCUTT, Rocky Ford. 


I have never pastured on alfalfa, but make it into. hay 
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and feed the year around. I now have only pure bred Cots- 
wold sheep at the home farm. I have two pastures, one of 
rye and one of blue grass; while one is growing they eat the 
other. 

Alfalfa is not used for pasture for sheep in this section 
at all. Where it has been tried the losses were heavy. I 
understand that some feeders think they can afford to lose 
5 to ro percent. This may do for toothless ewes, but my 
registered sheep are too valuable to take the risk. One of 
my neighbors put 1,500 sheep on alfalfa and I understand 
lost as high as sixteen in one day. Another tried it this 
spring, but the losses were so heavy he abandoned it. Near 
Las Animas they succeeded better, but here the alfalfa 
grows too rank. 


A. FORDER, Rocky Ford. 


I pastured one year 1200 ewes and their lambs on alfalfa 
for thirty days without any losses, then changed pastures 
and lost 75 ewes in about ten days, then changed to the 
range and will not try alfalfa pasture again. We did not 
irrigate the land while the sheep were there. 

I have pastured old ewes and lambs on alfalfa after it 
stopped growing in the fall and did not iose any by bloat. 
We fed corn at the same time and the sheep did well. 


J. P. STEVENSON, Rocky Ford. 


I have tried for several years to run sheep on alfalfa ; 
the result has been disastrous every time. Some four or five 
years ago | bought a bunch of New Mexican lambs, put 
them at first on very short alfalfa and kept them there for 
several days, then put them on better alfalfa. They com- 
menced to bloat and before I took them out I lost 65 head. 
I had at the time a bunch of 300 native ewes. I put them on 
the same ground and gave them the same treatment and 
never lost one. The next spring these ewes were turned on 
the alfalfa as soon as it appeared green, but as soon as it 
got some growth they commenced to die and I had to re- 
move them to native grass. I lost from one to four every 
day. Last fall I again bought 300 well bred Shropshire 
ewes. I put them on good alfalfa the first day I got them 
home and kept them there until night. I did not lose one. 
Next morning put them on again after dew was dry and 
kept them on all day; lost one. The third day I waited 
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until grass was dry and then put them on again. By noon I 
had lost nine head. 

This spring I have kept the ewes up, fed them hay and 
let the lambs run through the fence and graze the alfalfa. 
They have done fairly well, but I believe if they and the 
ewes had other green grass and plenty of it as they do on 
alfalfa, that they would do better than on alfalfa. I have 
noticed one thing, that these lambs will leave the green 
alfalta for dry hay and for a patch of wild grass. Still I 
have good lambs; some few January and February lambs 
weighed the middle of June 80 to 90 pounds. 

All my sheep were turned on the range in June and I 
will bring them back the middle of August. Lambs dropped 
in April and fed as above ought to weigh 70 pounds the 
first of September. 

My experience with pasturing sheep on alfalfa for six 
years has cost me several hundred dollars on account of 
bloat and that, too, with only a small bunch of 300 to 500 
ewes. 

Ido not think I shall ever grazesheep on itagain. The 
sooner the farmer who wants to graze his breeding stock on 
green feed gets something in place of alfalfa the better off 
he will be. People who have been buying old ewes at 75 
cents to $1.00 per head and putting them on alfalfa have 
not lost much money if they lose ten per cent. of their 
ewes. But where the ewes are worth four to six dollars 
per head the case is quite different. 

But although pasturing alfalfa has not been a success 
yet the sheep business, as a whole, has been profitable. 
This Arkansas Valley is a wonderful place for sheep. Our 
1898 account stands as follows : 

We had 35 lambs dropped in February and about 250 
dropped in April and May. They went to the range June 
10 and came back early in August. We commenced feed- 
ing bran and oats August 15 and got them onto full feed 
about the last of September, by which time they were eat- 
ing one and three-fourths pounds of shelled corn per head 
per day. The latter part of October we sold 50 picked 
ram lambs at $1o per head. Fifteen of these came in Feb- 
ruary and the rest in April. Their average age was about 
seven months and they weighed g9 pounds per head. Dur- 
ing November we sold 20 more ram lambs for $10 each. In 
December sold 40 ram lambs for $5 each. This left us 18 
cullram lambs. These 18 with 118 ewe lambs we took to 
Kansas City the last of December and after an extra hard 
trip they weighed 81% pounds and sold for $5.40 per hun- 
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dred pounds or $4.40 per head. We had, therefore, total 
receipts of almost exactly $1500.00 from 246 lambs. We 
consider this a good showing. 


JOSEPH CARL, La Junta. 


We are pasturing 425 ewes and lambs on alfalfa the sea-- 
son of 1898. They have the run of twenty acres of alfalfa 
and up to June 8th, we have lost only one sheep by bloat. 
This is our first trial of pasturing sheep on alfalfa and so 
far we are well pleased with it and shall go into itona 
larger scale next year. 


S. H. POLLOCK, La Junta. 


I undertook to pasture about 300 ewes and 225 lambs on 
alfalfa pasture, by feeding them well on corn and hay before 
turning them on the alfalfa and then leaving them there 
day and night. I left them three days and lost three ewes. 
I then gave it up and put them on the range. 


GEO. W. PARKER, La Junta. 


I have pastured sheep on alfalfa for three or four years: 
and have lost on the average possibly two per cent by bloat. 
A good acre of alfalfa will support ten ewes and their lambs 
allsummer. We turned the sheep off the land when we ir- 
rigated it. A cross bred Shropshire and Merino lamb past- 
tured on alfalfa ought to weigh 75 to 80 pounds, the first of 
October. From my experience, more especially with old 
ewes, I think well of lambing on alfalfa when the grass is 
short on the range and would especially recommend keep- 
ing the breeding ewes on the farm and feeding them nice 
green alfalfa hay before lambing instead of wintering them 
on the range. 


R. A. MCKIBBON, Lamar. 


We runa few ewes. about fifty, on a small patch of 
eight acres of alfalfa. We have the lot divided and put the 
sheep in one while we irrigate the other. This is the second 
year we have tried it. We have lost two old ewes by bloat.. 
We expect our spring lambs to weigh 75 pounds by the first 
of October. The season of 1898, we also lost a lamb by 
bloating. 
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G. W. MAY, Lamar. 


During 1897 we pastured 1,000 ewes on 80 acres of al- 
falfa. This wasour first year’sexperience and we lost nine per 
cent with bloat. We left the sheep on the land when we ir- 
rigated it. We began pasturing in April and by the middle 
of July the 80 acres proved not enough and we got 15 acres 
more. Even the 95 acres did not keep them and about the 
first of August we turned them onto the range. In 1898 we 
started with 160 acres, but by the middle of August the al- 
falfa was all gone and we had to turn them onto the range. 

My belief is that not over 100 head of ewes should be 
pastured in one bunch on alfalfa and that at the rate of five 
ewes and their lambsto the acre. For larger bunches, if the 
alfalfa pasture was free of cost, it would be dear to use it on 
account of the great loss by bloat. 


GEO. W. WILSON, Lamar. 


We had several thousand ewes on alfalfa for forty days. 
during the spring of 1898. Part of the time we kept them 
on day and night; part of the time they were corralled at 
night and turned out after the dew had dried off in the 
morning. Both plans were failures so far as preventing 
bloat was concerning and after losing about five per cent by 
bloat in the forty days, we gave it up and sent them to the 
range. I have satished myself that pasturing on alfalfa in 
the Arkansas valley is not practicable at least with large 
bunches much as I should like to have had it otherwise. At 
the same time I consider it the best district in any country 
for raising and feeding lambs. 


JOHN McNAUGHT, Las Animas. 


Have pastured sheep on alfalfa for six years. Fifty 
acres of good alfalta will support about 500 ewes and their 
lambs the whole season. In different years we have lost 
from eight to ten per cent by bloat. We do not move the 
sheep off the alfalfa when we irrigate it. We undertake to 
give plenty of pasture at the start and then not move them. 
Our May lambs we expect to weigh about 60 pounds the first 
of October. We fatten our own lambs. 

[Nore—The present writer visited Mr. McNaught, 
July 14th, 1898 and saw his 500 ewes and their lambs on al- 
falfa. These were all old ewes, nearly toothless, which is 
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the reason for keeping them at home instead of sending 
them out on the range. The number lost to date by bloat 
was fifteen or three per cent. They had some forty acres 
of alfalfa to run on and were not keeping it at all close. 
Quite a share of those lost had been when some overflow 
water ran into one corner of the field. Mr. McNaught says 
that if the whole field had been irrigated, there would have 
been less danger of bloating than with merely a single spot. 
Mr. McNaught’s doctrine in regard to pasturing sheep on 
alfalfa is never to let them get hungry. The best way is to 
have the fence coyote tight, but if thiscannot be done, then 
corral them at night as he is doing this summer and let 
them out early in the morning. | 


PURVIS BROS., Las Animas. 


During the summers of 1897 and 1898 the grass was so 
good onthe range that, as a general thing, it paid to run 
sheep on the range. Indeed, under these conditions of an 
abundance of fine grass, the lambs are almost as good as 
those pastured on alfalfa and the expense is less. 

We had only about a hundred sheep on altalfa during 
the summer of 1898. They did quite well. We had them, 
their lambs and ten horses on a twenty acre pasture and we 
could almost have cut it for hay. When the lambs were. 
weaned the ewes were nearly fat enough for market. 

The cause of the greatest loss from bloat is probably 
the necessity of corralling at night on account of coyotes. 
Where this plan is practiced the sheep should not be put 
into the corral until almost dark and turned out inthe 
morning before daylight. The sheep generally bloat in the 
evening and this is due most likely to the practice of leav- 
ing them in the corral too late in the morning. Some actually 
put them in the corralat 4 o'clock in the afternoon, think- 
ing to avoid the loss, as it is after this time that they gener- 
ally bloat, and then leave them shut up until after the dew 
is off in the morning. This makes about sixteen hours in 
the corral and only eight hours on feed, consequently the 
sheep do not do well. 

This year, 1898, was the fourth season for us of pasturing 
alfalfa with sheep. On the average we have lost about five 
per cent. with bloat. We have the field divided into two 
parts and pasture one while we irrigate the other. These 
were old ewes and were pastured all summer. We expect 
alfalfa fed lambs to weigh about 75 pounds the first of Oc- 
tober. 

{When ona visit to the Arkansas Valley in July the 
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present writer learned that Purvis Brothers have their 
fences coyote tight and do not have to bother about corral- 
ing the sheep at night. To still further lessen the danger 
from coyotes, they had taken to hunting them with grey- 
hounds and had killed seventeen so far during the season. 

To surround a whole farm with covote tight fence would 
be rather expensive, but it would not cost much to fence 
five acres and drive the sheep in there at night, thus dimin- 
ishing the danger from bloat. | 


CHRISTIAN MARLMAN, Las Animas. 


Pastured 470 ewes and their lambs onalfalfa during May 
and June 1898. They ran on about fifty acres of altalfa. 
‘They were turned onto the range June 11 and remained 
there until the latter part of September. Lost in all about 
three per cent. by bloat. They ate all the first cutting, so 
that it cost us one-thirdof our hay crop. These lambs were 
dropped in March and weighed between 50 and 60 pounds 
when brought back from the range. We are well satisfied 
with the result and shall] try it again next season. 


JOHN E. DONLON, Las Animas. 


In 1896 we pastured 1200 ewes with their lambs on 160 
acres of alfalfa and lost about eight per cent. by bloat. That 
year we fed no grain. In 1897 we fed 1,000 ewes and their 
lambs on the same field. This second year we fed cornchop 
to the sheep and lost only 2 per cent. by bloat. Both these 
years we had aged ewes and kept them on the field all the 
time, even when we irrigated it. We would not risk young 
ewes on alfalfa. In 1898 we have had such excellent feed 
on the prairie that we kept our sheep on the range most of 
the season. 


A. M. LAMBRIGHT, Las Animas. 


During 1897 we pastured 750 ewes and their lambs on 100 
acres of alfalfa and lost about three per cent by bloat. 
We kept them on the land the entire season, not changing 
when the land was irrigated. 

In the spring of 1898 we started 1,000 ewes on 160 acres 
of alfalfa, but the feed on the range was so good that we 
turned them onto the range the latter part of May. If we 
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had kept them on the farm all the season, I think 130 acres 
would have been sufficient to feed them. 

There have not been very many raising lambs here and 
what has been done has been done for only a couple of 
years. Wehave run simply old ewes on alfalfa so that the 
test so far as bloat is concerned is hardly a fair one for sheep 
raising in general. I am sure that old ewes do not bloat so 
much as young ones. Most of us have not invested in 
enough for fences to cut our pastures up properly. I think 
that if we had our pastures fenced so that there would be 
no danger from coyotes and would leave the sheep on the 
land all the time, there would be comparatively little danger 
from bloat if the owner would go around through them a. 
couple of times a day and make them get up and eat a. 
little. Some lost considerable here this year and have been. 
scared out to the range. We have only lost three out of 
1,000. Of this 1,000, not over one-third could be classed as. 
old ewes. I have very little doubt but that there is a differ-. 
ence in size in an alfalfa fed lamb and one raised on the 
range of at least twenty-five pounds. The chances are that 
we could afford to raise nearer pure bred Shropshire or 
Hampshire Downs on ranches than we could afford to do om 
the range (for it is generally supposed here that none but 
Merinos or Mexican Improved with Merinos will herd on 
the range), and if this is done we can make a difference of 
at least fifty pounds. 


SCOTT BROTHERS, Las Animas. 


In 1898 our sheep are all on the range, the grass is so 
good. . 
A good stand of alfalfa will carry ten ewes and their 
lambs per acre the first year; the next year fewer and the 
next year still fewer. 

Pasturing alfalfa by sheep is hard on the stand, as they 
bite out the crowns of the plant. We pastured sheep on 
alfalfa for one whole season and during the fall for three 
years. When pasturing the whole season we lost about five 
per cent. by bloat. Weare very careful to leave them on 
the alfalfa all the time after they are once placed there, 
never changing them when the field is irrigated. Grade 
Shropshire lambs to which we had fed corn while on alfalfa 
weighed 75 pounds the first of October. Our grade Mexi- 
can lambs weighed 70 pounds. If we had not fed corn they 
would probably have weighed 5 to 10 pounds less. We fat- 
ten our own lambs. 
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JACOB WEIL, Las Animas. 


During 1898 we did not pasture sheep on alfalfa, but 
have done so on two previous years. We were in the habit 
of taking them off the field when it was irrigated. Our 
lambs weighed about 65 pounds the first of October and we 
fattened them on the farm. 


F. T. WIBBER, Fredonia. 


We have pastured sheep on alfalfa for five years. The 
first year we lost ten per cent. Now we do not expect to 
lose any. We do not move the sheep when we irrigate. In 
1898 we pastured 500 ewes and their lambs on 160 acres of 
alfalfa from early in the season until the first of July. They 
were then turned on the range and stayed there until fall. 
We expect lambs so treated to weigh 70 pounds the first of 
October. We fatten our own lambs. . 


A. F. KLINKERMAN, Fredonia. 


We have pastured sheep on alfalfa part or all of three 
seasons. One season we lost as high as ten per cent. by 
bloat, but this was due largely to inexperience. During 
1898 we let the ewes run on alfalfa during the six weeks of 
the lambing season and as soon as that was over we sent 
them to the range. We lost about one per cent. during the 
six weeks. We had about 500 ewes and their lambs on 50 
acres of alfalfa. We have always left the sheep on the land 
when irrigating it. We expect May lambs to weigh 60 
pounds the first of October if pastured on alfalfa. In 1898 
we turned the ewes and lambs on the range the first of June. 
It probably took two-thirds of the first cutting of alfalfa to 
lamb the sheep on it, but we consider ourselves well paid in 
saving of lambs and the start it gave them and the old ewes 
before turning them on the range. We are satisfied that 
we saved at least fifteen per cent. more lambs than could be 
done on the range and also saved in the expenses of herd- 
ers during lambing. 


L. M. CAMPBELL, Fredonia. 


We feed on alfalfa exclusively, no grain except to lambs 
born in the winter. 


First make a fence with posts 10 feet apart, nine barbed 
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wires, stretched tight, 4% feet high. This will turn a wolf 
or a dog and is the principal essential of running sheep on 
alfalfa pasture, since they must have free access to the feed 
day and night. Shade, salt and water are very essential. 
Have the sheep entirely free from hunger or thirst before 
turning them on the alfalfa. 

In December, 1895, | bought off the range 100 ewes, 
each with a lamb by its side. They did well until the alfalfa 
started in the spring. Then we attempted to herd them on 
the alfalfa in the day time and corral them at night. Our 
loss by bloat in ten days was 12 ewes and 15 lambs. We 
put them on native grass for a few days until we could build 
such a fence as I have described. We enclosed 10 acres of 
alfalfa and 5 acres of timber. This was in April, 1896. I 
drove them over a wheat fieldto the alfalfa pasture to be 
sure they were full. I have not lost a sheep or lamb since 
then by bloat and I have no fear of ever losing one. ~ 

I have yet five head—four ewes and one buck—of the 
first 100 bought and they have never been out of that en- 
closure. The ewes are nine years old, the buck a few years 
older, and their teeth are as good as the average six-year- 
old onthe range. We never: take the buck away from the 
ewes. 

Two of the four ewes had twins last November and the 
same ewes had twins again this year (1898) in May. The 
four November lambs weighed in the middle of June 70 
pounds each,while the May lambs weighed at the same time 
twenty pounds each. 

We wintered 85 ewes in that pasture during 1897-98 and 
raised in the spring of 1898 135 lambs, forty of which—the 
wether lambs—we sold in Kansas City in April, where they 
averaged 60 pounds and brought 6% cents per pound, or 
$3.95 cents per head. The ewes sheared about 7% pounds 
of wool apiece. 

I think my pasture would support quite a number more 
sheep than we have on it, or about ten ewes and their lambs 
per acre. We irrigate with the sheep in the pasture and 
can see no bad effects. I do not advocate close pasturing. 
We have never fattened any lambs, selling them when they 
are three months old. 

Sheep do their principal feeding at night. It would not 
be profitable to corral sheep at night when in alfalfa pasture, 
even if it were not for bloating. They will do much better 
when they can have access to feed both day and night. 

Alfalfa pasture does not seem to be favorable to scab. 
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We bought our sheep from a herd that was infested and ex- 
pected to dip, but so far have had no occasion. 

I am a strong believer in pasturing as a method of hand- 
ling our alfalfa. Conducted onthe principles here described 
there is nothing in my judgment more profitable than 
handling sheep and I hope to see the day when every farm 
in Colorado will be supporting a flock of sheep. 

The total income from these 87 ewes for the year from 
November 1897 to 1808 is as follows: 


4o wether lambs sold in April @ $3.95. .$158.00 
640 pounds wool from ewes @ toc..... . 64.00 
175 pounds wool from lambs @ 14c..... 24.50 


35 ewe lambs saved for breeding @ $3.50. 122.50 
52 lambs for market, 75 lbs. each, Nov- 
ember’ t,n@eoaoon.: . ase 156.00 


Year’s income per ewe $6.04. 


IS PASTURING ALFALFA PROFITABLE. 


It will be noticed from the forezoing letters that the 
pasturing of alfalfa by sheep 1s used for several purposes: 
sometimes for only a few weeks in the spring while the ewes. 
are lambing; sometimes for very early lambs to fit them for 
the summer market; more commonly for old ewes that would 
not thrive on the range and by some as a regular way of 
keeping sheep. 

It will also be noticed that there are certain things. 
about which all are agreed. By inference we may judge 
that all agree, that for keeping wethers or ewes without 
lambs, alfalfa pasture cannot compete with the open range. 
This is undoubtedly true so that the only profitable use for 
alfalfa pasture is as feed for ewes with lambs. 

It is also evident at the outset that alfalfa pasture is not 
cheap feed, not nearly so cheap as the range. If then it is. 
to be used in competition with the range it must be because 
more growth is obtained on the lambs when on alfalfa than 
when roaming the range. 

The question of raising early lambs on alfalfa and other 
feeds will be discussed in the latter part of this bulletin. 
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Here we are to consider the pasturing of lambs duriny the 
whole summer that are to be fattened on the same farm 
during the fall and winter for the eastern markets. 

The practical question is, can this be done with as much 
profit as to range the lambs through the summer and then 
bring them to the farm for winter feeding. To the feeder 
of the Arkansas Valley at the present time, this is the simple 
proposition. But the time will come when the problem will 
present itself in another form. In the feeding districts of 
Northern Colorado that time has already come and the 
problem as it will appear in the future is this: There is or 
will be on the farm a certain amount of alfalfa. By which 
method can I realize the more profit, by making hay of it 
and feeding it to lambs in the winter or by using part of it 
as pasture for ewes and lambs during the summer and the 
rest to support the ewes during the winter? 

The average of the statements from the various individ- 
uals seems to be about ten ewes and their lambs to one 
acre of good alfalfa pasture, running on the land from the 
middle of April until the first of October. This would re- 
quire very good alfalfa and it is probable that eight ewes 
to the acre would be nearer average conditions. The ewes 
would feed on the stubble fields practically without cost 
during October and November, leaving four and a half 
months that they would have to be hay fed. 

A full grown ewe will eat five pounds of hay per day or 
two and three-fourth tons of hay to run the eight ewes 
through the winter. If we estimate an acre to produce four 
tons of alfalfa, then it would require three-fourths of an acre 
to supply hay for the winter and one acre to pasture them 
during the summer. 

What return could be expected as the income from this 
acre and three-fourths of alfalfa? For the last four years 
lambs have averaged being worth four cents a pound live 
weight on the farm the first of October. It is fair to presume 
that a person who was planning for pasturing alfalfa would 
have the lambs dropped in March and they ought then to 
weigh 7o pounds the first of October and be worth $2.80 
each. The ewes would need to be fed grain for sixty days, 
one pound per day, costing in all forty cents tor each ewe. 
The ewes should shear seven pounds of wool each, worth at 
least ten cents per pound. 

The whole account would stand thus: 
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Income. 
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This difference of $24.80 represents the return from the 
land that will produce seven tons of alfalfa or about $3.50 
per ton for cutting and feeding about half the alfalfa and 
letting the sheep harvest the other half. 

Out of this return would need to be deducted the inter- 
est on the investment and any losses by bloat that may oc- 
cur. 

Whether or not any greater return for the alfalfa can 
be obtained in any other way, each farmer will need to 
answer for himself. It is believed that the items of income 
as given above are conservative estimates and that profits 
much larger than this would often be obtained. 


IS PASTURING ALFALFA SAFE. 


The answer must be given in the negative. Butin view 
of the statements given by some of those who have had the 
most experience, the danger from bloat can be largely over- 
come and the loss reduced to at least not more than five 
per cent. 

On the basis of the estimates already given, a five per 
cent loss by bloat would reduce the returns for the alfalfa 
fifteen cents per ton. If there.is..any profit in pasturing 
alfalfa, a five per cent. loss on thé ewes would not reduce 
the profit to any serious extent. 

There seem to be certain precautions that need to be 
observed in pasturing alfalfa to prevent bloat and they can 
be summarized as follows: 

1. Have the sheep in small bunches, or if in a large 
bunch divide into several lots in separate fields. 


PASTURING SHEEP ON ALFALFA. 23 


2. Have a large enough field to supply them with an 
abundance of food with littie effort. 

3. Leave them in the field day and night and do not re- 
move them when the field is irrigated. 

4. Have water and salt before them all the time and if 
there are no trees in the field provide some sort of shelter 
against the sun. 

5. Be sure they are filled up with some other food and 
not thirsty when first turned on the alfalfa. 

6. Do not attempt to pasture on alfalfa anything but 
old ewes and their lambs. 

It is probable that by following out the above directions 
the losses by bloat with old ewes can be reduced to less than 
five per cent. 


II. RAISING EARLY LAMBS. 


BY W. W. COOKE. 


For many years there have been a few early lambs 
raised in Colorado. The large markets for early lambs— 
Chicago, New York and Boston—are so distant that Colo- 
rado can hardly hope to compete with the eastern states in 

supplying lambs in the spring to these cities. Kansas City 
and Omaha are near enough to be reached, but they are 
never able to handle very many lambs at one time and their 
total demand for early lambs is not large. The local market 
in Colorado is still more limited. It is evident, then, that 
not many people in Colorado can profitably engage in the 
raising of early lambs. But there is always a demand for 
some of these lambs and some one has to supply that de- 
mand. At the present time the attention of Colorado feed- 
ers is turned more particularly to the feeding of lambs 
raised in the south and west, because for them the market 
is almost unlimited and they can be handled by the thou- 
sands. The object of the present inquiry was to learn 
whether the small farmer can raise early lambs and realize 
as much for his labor and feed as his neighbor with the 
larger farm does with the older lambs. 

During the summer of 1895 fifty ewes were purchased 
for the test. Half were grades of the Shropshire crossed 
onto the Merino, and the other half were Horned Dorset 
and Merino. They were a fine lot of ewes, all of them three 
years old, having dropped their second lamb the spring of 
1895.: They cost three dollars per head. Fifteen of the 
Shropshire ewes were served by registered Shropshire bucks, 
the other ten by registered Dorset bucks. Fifteen of the 
Dorset ewes were served by the Dorset bucks the other ten 
by Shropshire bucks. The lambs were dropped during 
January and February of 1806. 

The fifteen Shropshire ewes that were served by Shrop- 
shire bucks dropped 14 lambs, of which 11 were buck lambs 
and 3 ewe lambs. The ten Shropshire ewes served by Dor- 
set bucks dropped 13 lambs, 5 bucks and 8 ewes. The fifteen 
Dorset ewes served by Dorset bucks dropped 20 lambs, 16 
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bucks and 4 ewes. The ten Dorset ewes served by Shrop- 
shire bucks dropped 9 lambs, 5 bucks and 4 ewes. 

To make the comparison a little easier to see, the above 
figures have been reduced to the basis of 100 ewes and give 
the following results: 


Sets of 

Lambs. Twins 
100 Shropshire ewes served by Shropshire bucks dropped........ 94 7 
100 Shropshire ewes served by Dorset bucks dropped............ 130 4() 
100 Dorset ewes served by Dorset bucks dropped ..... Sachets ee 134 33 
100 Dorset ewes served by Shropshire bucks dropped ........... 90 0 


Figured from the side of the ewe, 200 Shropshire 
ewes, half served by Shropshire bucks and half by Dorset 
bucks produced 224 lambs with 47 sets of twins. 200 Dor- 
set ewes, with the same service produced 224 lambs with 33 
sets of twins. Figuring from the side of the buck, 200 
ewes, half Shropshire and half Dorset and all served by 
Shropshire bucks, produced 184 lambs with 7 sets of twins. 
200 ewes, the same but served by Dorset bucks produced 
264 lambs with 73 sets of twins. 

It is evident from these last sets of comparisons that the 
prepotencey toward the production of twins lay with the 
bucks and not with the ewes. It is generally conceded that 
the Dorset is one of the most prolific sheep and the bucks 
ought to have had this quality more pronounced for they 
were pure bred while the ewes were grades. 

So far everything seemed to favor the Dorsets as the 
more profitable sheep. But these lambs were dropped in 
the middle of winter and the twins did not seem to have the 
vigor to stand cold weather so well as those that had been 
born singly. Moreover the ewes seemed to be able to give 
an abundance of milk for one lamb but not enough for two. 

The ewes were given grain, and a lamb creep was pro- 
vided where cracked grain was kept all the time. The 
lambs learned to eat grain before they were a month old 
and after that, ate nearly as much as the ewes. Yet inspite 
of this the twin lambs did not do so well as the others and 
those that we lost were almost entirely from the twins. 

We began selling March ro and sent off the last May 
21. The price was 15 cents per pound dressed weight. 

The four sets of lambs of different parentage gave the 
following results: 


26 RAISING EARLY LAMBS. 


Record for the Spring of 1896. 


Ss} RQ > Ss 
s 5 “ > > S39 sy F: p 
= S 2 < < ae ze oy |) neh, 
: ae one Emme mmees | laches ||. oy ee 
: So moe aay Op ° 26, 5 
W3g lepa) oy Sl ine m9 
iS Zo oO is) Qa as @ by 
= ate) oO | YE | aa | ae | Sa 
re oo 2 —n ion 09 fo) 
on + + ® + > ® 

D ® cd 2 oe 


Shropshire | Shropshire| 13 | Feb. 1 | April 20 | 79 47 22 | $330 

s Dopsrt eels LO He es 251 82 48 22 3.30 

Dorset..... Dorset.....| 15 ne ed) 6 GE 96M 47 22 3.30 
2 


* , -,.| Shropshire 9 | Jan. 2! " 3 | 2 51 23 3.45 


Total and Average...| 47 | Feb. 1 | April 16 | 74 48 22 | $3.30 


The reason that the dressed weights are so nearly equal, 
is that we sold from week to week, selecting the lambs as 
soon as they were large enough to dress over twenty pounds. 
We finally sold 47 lambs from the 50 ewes, of which 25 came 
from the twenty-five ewes that were served by Dorset bucks, 
while 22 were from the twenty-five ewes served by Shrop- 
shire bucks. 

In the matter of rapidity of growth the ewe seemed to 
be the controlling factor, rather than the buck as might 
naturally have been expected. The lambs from Dorset 
ewes dressed 22 pounds by the time they were 69 days old, 
averaging 49 pounds live weight, while the lambs from 
Shropshire ewes required eleven days longer to reach the 
same weight. 

Taking the whole experiment through, the Dorset ewes 
served by Dorset bucks gave the best results, giving us 
fifteen lambs from fifteen ewes that sold for $3.30 per head 
at 67 days old. 

_ The average for all classes is January 30 for date of 
birth and April 16 for the date of sale when they were 77 
days old, weighed 48 pounds alive, 22 pounds dressed and 
sold for $3.30 at the farm. 

As fast as the lambs were sold the ewes were taken off 
from grain and when the last lambs were gone, the ewes 
were sheared and turned out to pasture on native grass 
until the next winter. 

he same method of procedure was adopted in 1897, 
except that as the lambs were dropped a little earlier, they 
were allowed to grow a little larger before they were sold. 

This season all the ewes were served by Shropshire 
bucks and though the lambs sold are one more than 1896, 
the difference in favor of the Dorsets is larger than in 1896. 
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There are 21 lambs credited to the Shropshires. One more 
lamb was dropped but so late in the season that it could not 
be sold with the others in the spring and was carried over 
until the next season. It is counted in the summary as 
worth $2.00, though of course we actually received more 
than that for it at the time of sale. 

The record for the spring of 1897 is as follows. 


Record for the Spring of 1897. 


aS S 3 3S Be bias 
B 2 2 ;| 4 |@m | 8 
aor a ieee Ss eee 
Qa Ad 
DAM. g LS of ioe ia <a 
x ) 
=o ae $ ge | Ef be | a 
7, < <q < | a 
SEEM PROITO ttle «5:0 eet 21 Jan. 15 |March 27) 71 54 27 | $4.05 
Dorset citi. ibe att: 27°} Jan. 12°} April 2 | 80 56 26 | 3.90 
Total and Average......... 48 | Jan.13 |March 30; 76 55 26.5) $3.97 


Again for the third year the same experiment was re- 
peated. The ewes were all served by Shropshire bucks, but 
were getting so old that several did not lamb the spring of 
1808. 

Instead of selling the lambs for slaughter they were all 
sold April 13 at $3.50 per head for breeding purposes. This 
was about the price they would have brought it they had 
been fed a little more grain and sold for meat. 

The following is the record for the spring of 1898: 


Record for the Spring of 1898. 
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This closed the experiment. The total records for the 
three years will.be considered first with reference to the two 
breeds, the Shropshire and the Horned Dorset. Then it 
will be treated as a whole with reference to the financial 
side of the question. 


Shropshires. 
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The financial results are in favor of the Horned Dor- 
sets. The first year they grew the faster, but in both the 
other years the Shropshires made the most weight and sold 
for the most per head. But the Dorsets produced so many 
more lambs as to more than overbalance their slower growth. 
‘On the whole the Dorsets brought in $40 more than the 
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Shropshires or about one-sixth of the total income. This. 
difference is due entirely to the larger number of lambs. 
reared by the Dorsets. Their record is practically one hun- 
dred per cent. since 74 lambs were sold from 25 ewes in. 
three years. 


ARE EARLY LAMBS PROFITABLE. 


It is a difficult matter to estimate the cost of running 
sheep in such small numbers as we had in this experiment. 
But we will give the income side and the winter expenses. 
and each one can estimate for himself what the cost would 
be, in his own case, of carrying the ewes through the sum- 
mer. 
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The above figures show a yearly income from fifty ewes. 
of $162.93 for the lambs. To this should be added the re- 
return for the wool. This has amounted to about 70 cents 
per year per head, or $35.00 for the 50 ewes. This givesa 
total yearly income of $197.93, or $3.96 per ewe. The ewes. 
were sold at the end of the experiment for a little more 
than they cost, so there was no loss in that respect. 

Here are some items that can be estimated in the ex- 
pense of these ewes as follows: 

The ewes were kept in the corrals and fed hay after 
about the first of November. As soon as the lamb was. 
dropped grain was given to the ewe and continued until the 
lamb was sold. When on hay alone, the ewes ate about five 
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sounds of hay per head per day and decreased to about four 
Boats <a euenee ein of grain was added, The lambs ate 
a pound of hay and a pound of grain after they were 30 days 
old until they were sold. This makes 85 pounds of grain 
for each ewe and 25 pounds of grain for each lamb, or 110 
pounds of grain for the ewe and lamb, costing us on an av- 
erage 64 cents. 

Each ewe ate 715 pounds of hay and the lamb 25 pounds 
or 740 pounds of hay, which at $3.00 per ton comes to $1.11 
or a total cost for winter feed of $1.75. Subtracting this 
from the income of $3.96 leaves $2.21 as the return for the 
summer feed of the ewes and the labor of caring for the 
sheep and lambs through the winter. 

These returns compare very favorably with any that can 
be obtained from running sheep on the range. They repre- 
sent a clear profit of at least forty per cent. on the invest- 
ment. Indeed so profitable is the business that if one was 
sure of a market at the above prices there would be thous- 
ands and tens of thousands of early lambs raised each year 
in Colorado. But, as stated at the beginning of this article, 
the local market that pays these prices is quite limited and 
will buy only the very best of stock. There is money in the 
business for a few breeders near each of the larger cities, 
but if many went into the business they would break the 
market and themselves. 


RAISING EARLY LAMBS IN THE ARKANSAS 
VALLEY. 


The Arkansas Valley in Colorado is naturally tributary 
to Kansas City. There are more early lambs raised in the 
Arkansas Valley than in all the rest of the state together 
and most of these lambs are marketed in Kansas City, 
though a few are sent west to Pueblo and Colorado Springs. 

The following quotations will give an idea of how the 
business is carried on and what returns are expected. It 
can be said as a preface to what follows that the early lamb 
business in the Arkansas Valley is founded almost entirely 
on the aged ewe: The old ewes that are too weak or have 
too poor teeth to stand another year on the range, are 
brought to the farm in the fall, bred to drop their lambs 
early, are fed heavily during the winter and spring so that 
by early summer they are in excellent condition for mutton 
and bring considerably more than could have been gotten 
for them fresh from the range the preceding fall. Thus 
there are two sources of income, the return from the lamb 
and the increased value of the ewe. 
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WM. AND H. G. GREENE, Olney. 

We raised some early lambs in 1898 that were dropped 
from the latter part of January to the early part of March. 
Our experience is that owing to the extra care and feed 
necessary, these early lambs are not so profitable as the 
later lambs. 


W. A. COLT, Manzanola. 

We have been quite successful both in raising early 
lambs and feeding sheep on alfalfa. We breed the ewes to 
lamb in February and usually feed the ewe well and get her 
at least half fattened by lambing time. After lambing we 
feed the ewe all the grain she can eat and provide corn chop 
for the lambs. We usually have a “lamb creep” into an ad- 
joining lot where the lamb can find corn chop and bran at 
any time. 

As soon as the alfalfa starts we turn both ewe and lamb 
out during the day and provide grain and hay in the lots at 
night. ‘Che main point.is not to compel the ewe to live en- 
tirely on the green alfalfa. There is some loss from bloat 
with the best of management, usually two to three per cent. 

We often market the ewe and lamb inthe same car, 
usually when the lamb is about three months old. Some, 
however, market the lamb and keep the ewe a few weeks 
and then send her in. All this class of sheep business is 
done with the old ewes. The ewe and lamb sometimes 
bring as low as five dollars, while some of our best farmers 
have received as high as seven dollars. 


W.H. NEY, Fowler. 

During the months of January and February, 1898, we 
lambed 350 Shropshire ewes. These were all young ewes 
and of course harder to handle during lambing than older 
ewes. We saved over 100 per cent. of large strong lambs. 
The work was easier than it would have been to lamb in 
summer time on open range or pasture; the cost no more; 
a larger per cent. of lambs saved; better lambs and no loss 
in the ewes. The result has been entirely satisfactory to us 
and I can see no reason why anyone, properly prepared for 
it, cannot do equalls’ well. 

We have comfortable sheep barns with ample room for 
all breeding stock. We feed liberally on alfalfa with 
mixed grain ration of wheat and oats in sufficient quantities 
to keep the ewes in good condition. The lambs get grain 
with their mothers and appreciate it. 

We have raised California Merinos and Shropshires. 
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The California Merinos require more care and warmer 
quarters than the Shropshires. The Shropshires can stand 
any amount of dry cold and their lambs are soon up and 
strong. The Merino lambs must have close attention and 
warm quarters, but the same attention would be necessary 
during the spring months and then other farm work would 
be crowding and prevent the expenditure of the necessary 
time to make a successful lambing. 

When spring comes winter lambs are ready to go to the 
range or pasture with their mothers and will hold their own 
anywhere. 


E, M. SMITH, on the farm of A. M. LAMBRIGHT, Las Animas- 


My early lambs in 1897 sold as follows: Lambs dropped 
in January sold in April at Kansas City for 7c per pound, live 
weight, and weighed 48% pounds or $3.40 per head. None 
of these lambs had any green alfalfa, but the ewes were 
turned onto the alfalfa after the lambs were sold. These 
ewes were sold in Kansas City in June, weighing 81 pounds, 
at $3.85 or $3.02 per head. 

My March lambs sold in Kansas City in June for $4.25 
per hundred pounds and weighed 61 pounds or $2.60 per 
head. These lambs were dropped in the corral and were 
fed alfalfa hay, corn chop and bran until March 26, when 
they and the ewes were turned onto alfalfa pasture and re- 
mained there until they were sold in June. We had 600 ewes 
and 590 lambs on 95 acres of alfalfa and with the addition 
of one-fourth pound of corn chop per day for a ewe and her 
lamb, they kept in fine shape. Wecommenced selling in 
June and sold until fall. The ewes were sold as soon as fat, 
some ewes going with each bunch of lambs. The April 
lambs in August weighed 71 pounds. In 1898 the feed on 
the range was so good that we pastured but little on alfalfa. 


JOHN MCNAUGHT, Las Animas. 


In 1898 I lambed 200 ewes in January and sold the 
lambs in Kansas City in March for 8c per pound. They 
weighed 53 pounds or $4.24 per head. Two weeks later I 
sold the ewes for $4.75 per hundred pounds and as they 
weighed 96 pounds each they brought $4.56 per head. 
Neither these ewes nor lambs had any green alfalfa. 


In April and May I lambed 500 ewes on alfalfa pasture. 


They remained there until May 26 when they were turned 
on the range. 
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